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FOUNDED 1836 
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GENERAL HEADQUARTERS 
FAR EAST COMMAND 
"MILITARY INTELLIGENCE SECTION 
Technical Intelligence Detachment 


APO 500} 
15 Dec 48 > Ss 
SUBJECT: Locus of Impaction of Particulates 
TO; Director, Department of the Army (Strategic) isn 
' Division, G2, GHQ, FEC, APO 500 
i. AUTHORITY: G2, GHQ IOM, Chief, Target Branch to C.0., TID 
Thriz: Director, MIS Div, subject; "Locus of Impaction of Particulates," 
dtd ae Tar 48 
p 2. REFERENCES; 
a, Ltr, DA, GSUSA, Intell Div, Washington 25, D.C., file ID 
359.C5, subject: "Locus of Impaction of Particulates," dtd 26 Feb 48 
; >, Rpt, TID, GHQ, FEC, APO 500, subject: "Locus of Impactdion 


of Particulates," dtd 16 Apr 48 


3. PURPOSE: To secure additional information on the locus of 
impaction of particulates (living organisms as well as inorganic Gates 
in the respiratory tract 


4, DETAILS OF INVESTIGATION: Noted Japanese scientists and medical 
authori ies on industrial hygiene and related field at private and public 
institutions were visited and interviewed by an investigator of this unit 
on the subject: "Locus of Impaction of Particulates in the Respiratory 
Tract," as follows: 


Personnel Interviewed Institution and Address Date of Visit 
Dr, Susumu ISHINISHI MITSUI SANGYO IGAKU KENKYJO 6 May Le ae 
and (Mitsui Medical Institute for: pce 


De. Goro NIA Industry); Fukuoka-ken Kaho- | Mage 
gun, Inatsuka-machi, Kamo, 55 Beis 


Me, Namio SARUTA Department of Hygiene, Faculty 7 May 48 

end of iledicine, Kyushu University; as 

Ly. Maseichi ISHIZAYA Fukuoka-ken, Fukuoka-~shi, hae 
Mh Katakasu, 1276 | 


Prcfessor Tando MISAO Department of Anatomy, Faculty 9 May 48 
of Medicine, Kyushu University; 

Fukucka-ken, Fukuoka-shi, 

Katakasu, 1276 
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iissistant Professor Depariument of Hygiene, Faculty | 11 May 48 
iaseshishi NISHIO of Medicine, Kyoto University; 
Kyoto-fu, Kyoto-shi, Sakyo-ku 


Dr, ies%o KOBAYASHI FURUKAWA DENKI K.K., ASHIO 15 May 48 
KOZAN BYOIN (Furukawa Electric 
Co., Ltd,, Ashio Mine Hospital); 
Tochigi-ken, Kamitsuga-—gun, 
Ashio-machi, 5277 


Or, laneyoshi AKAZAKI Niigata Medical College; 19 May 48 
Niigata-ken, Niigata-shi, Suido- 
cho, 2—chome, 808 


De. Ugesto KOINUMA Department of Hygiene, Faculty Jun 48 
of Medicine, Nagoya University; 
Aichi-ken, Nagoya-shi 


De. Tsuneo HASEGAWA Research Laboratory of Mitsubishi Aug 48 
Mining Co., Ltd,, Saitama~ken, 
Omiya-shi, Kitabukuro-cho, 16 


The research results, both published and unpublished reports to 
which frequent references were made by the Japanese scientists, have been 
secured, translated, and condensed into abstract reports hereto attached 
as 1€& juclosures in fullfilment of the requirements for the investigation. 
Others publications of similar contents are referred to the original journal 
by citi:ig the references, Among the scientists interviewed, Dr, Kaneyoshi 
Ai. ZAKI was able to furnish a considerable amount of information pertaining 
to the studies on pneumoconiosis in Japan, 


5+ SUMMARY OF INFORMATION: 


a. In June 1940, Dr. Susumu ISHINISHI, Director of the Mitsui 

“2dical Institute for Industry, and his assistants commenced studies on 

tas influence of dust particles used in the coal mines upon the human body 
by using rabbits as experimental animals under intensified experimental 
enrditions over a prolonged period of time, Limestone dust, which is used 
23 anti~explosion agent in th? coal mines, was circulated in the "ROKEIN" 
Type dust inhalation apparatus under similer intensity as that observed in 
‘the mines for irregular daily innalation periods extending over 25 days 
Guration, In this experiment, no deposition of dust particles was observed 
in the lungs of the rabbits probably due to the presence of a large percen- 
tage cf calcium carbonate (40.65% CO and 51,0C% Cad) and a low percentage © 
of silica (4.24% Si02). Nevertheless, different pathological changes were 
ooserved in the respiratory organs, such as congestion, dropsy, hemorrhage, 
@elsctase ir the Jungs, epithelium ablution in the trachea, and epithelium 
hnoer sis in the larynx, The results of the experiment were published in 


2 


the abstract form in the Igaku to Seibutsugaku, 11, No. 4, 235-239 (1947) 
and the complete unpublished report entitled "In furious Effect of Rock 
Powder Used in Coal Mines upon the Respiratory Organs, Part I Experiment 
with "SS" Rock," by Doctors Shiko TAKEYA and Susumu ISHINISHI was abstract- 
ed and @ttached as Inclosure l, 


In the second experiment conducted from July 1940 with rabbits and 7 
guinea pigs, Cottrell dust was circulated in the dust inhalation apparatus 
under assimilated conditions comparable to those in the mines, The ~ 
experiment was conducted for a period of 1100 days for the rabbits with 
the maximum exposed inhalation time of 6,284 hours and 262 days duration 
for the guinea pigs with 1,698 hours of exposure to dust inhalation. In 
all the test animals acute or sub-acute laryngitis and trachitis were 
observed, The deposition of the dust particles in the lymphatic glands 
of the pulmonary hilus was observed sooner in the guinea pigs than in the 
rabbits, The deposition grew steadily in size and proliferation occurred 
as the time progressed, The heart, spleen, and liver underwent pathological 
Changes but not to any marked degree, The results are summarized in the 
unpublished report- "The Influence of the Rock Powders Used in Coal Mines 
upon the Human Body" by Doctors Tadatoshi MIYAZAKI and Goro NIWA, Inclosure 
‘a 


In both of the experiments, neither could the concentration of the 
dust particles blown into the dust inhalation apparatus be quantitatively 
denoted nor the same humidity existing in the mines maintained. No study 
was, made on the distribution of the dust particles by size in the respi- 
ratory tract or the degree of exhalation of the dust particles from the 
respiratory tract by the tracheal ciliary motion, It was observed that 
the dust particles smaller than 300 mesh were ingested by the dust cells 
and found in the pulmonary alveoli. Since the termination of the experi- 
ment in April 1944, no further animal experimentation has been conducted 
due to financial difficulties in maintaining the experimental animals, 


According to Dr, ISHINISHI, similar projects were carried out by Dr, 
Kentaro HIYEDA (present status unknown), formerly Professor of Pathology 
at the Manshu Medical College, Manchuria, and his assistants, Atsunori 
OSHIMA and Hiroshi NOGAMI, on the study of silicosis. ‘Two well know 
papers have been published entitled "Myocardial Lesion by the Continual 


Inhalation of Silica Dust" in the Journal of the Manshu Medical College, 
37, No. 6, 1373-1410 (1942) and ibid, 35, No. 4, 551~5 1941) 


b, Dr. Namio SARUTA, Professor of Hygiene, Kyushu University 
..edical School. has made an extensive statistical studies on the atmosphe- 
ric gas con2-sneration in Japanese industrial plants, but has not conducted 
etudies om tne mechanism of gas absorption into the blood system through 
the respivatury system, Dr, SARUTA furnished information on the research 
project concuicted by Dr. Hideichi ODA (present location unknown) about 
1941 at this laboratory concerning the experimental studies on the influ- 
ence of textile fibers on the lungs of rabbits and its relationship to the 
cevelopment of tuberculosis, In Dr, ODA's experiment with young rabbits, 
various cotton, wool, and staple fibers were circulated in a dust inhala- 
tion apparatus over a period of 10 to 120 days. Upon pathological inves- 
tigetion, the fibers were found to be filtrated deep into the alveoli by 
normal preathing and caused vicarious emphysema, but no proliferation of 
the connective tissues was observed. His conclusions indicated evidences 
that lesion of the lungs caused by the continuous inhalation of the dust 
fibers, even in slight and mild degrees, was, proved to be a powerful in- 
ducement to the development of tuberculosis. The results of Dr, ODA's 
research, entitled "Experimental Studies on the Influence of Textile Fibers 
on the Lungs of the Rabbits and the Development of Tuberculosis," was 
published in the Fukuoka Medical Journal (Japan), 36, 511-542 (1943) and 
an abstract of the paper is attached to this report as Inclosure 3, 


Dr. Masaichi ISHIZA‘A, Department of Hygiene, Kyushu University 
Medical School, conducted experiments during 1943-1944 under the direction 
of Dr. Itsuo KURODA, who was then Head of the Department of Hygiene, on 
the correletion between silicosis and pulmonary tuberculosis by using _ 
alcino rats, Dr. KURODA is presently practicing private medicine, after 
retiring from the Department of Hygiene, at Fukuoka-ken, Tobata-shi, — 
Shimizu-cho, 4-chome, The experiment was divided into 5 different groups 
and conducted for a duration of 16 weeks. Different pathological changes 
were brought about with prolonged inhalation of silica dust and more so 
if subcutaneous injection of tubercule bacilli was made, When silica dusts 
(93.12% and 89.96% SiO.) were inhaled 1 hour/day for 57 inhalations during 
16 weeks, the pulmonary alveolar septa were partially infiltrated with 
diffusive round cells and proliferated; the pulmonary alveoli were slightly 
Giiated, disintegrated or fused with one another to form networks; the : 
orcucnial epithelial cells were proliferated to a pronounced degree or 
partially desquamated; pronounced engorgement of the capillary blood 
ye_sels of the pulmonary alveolar septa and hemorrhage of the interstitial — 
suLstances were often observed, After subcutaneous injection of tubercule 
bacilli was made, numerous small hemorrhage blotches as well as whitish 
z.ey tubercules of millet size were sporadically observed. Details of the 
expoviment are given in Dr, KURODA's unpublished report entitled "Experi- 
mental Study on the Correlation between Silicosis and Pulmonary Tubercu~ 
losis," which is attached to this report as Inclosure 4, 


Ur Tando MISAO, Professor of Anatany, Kyushu University Medical 

Bec asi, is an authority on dengue fever, influenza, and encephalitis 
aconica (encephalitis B) viruses, According to Dr. MISAO, no research 

438 been conducted in Japan on the lodgment of viruses in the respiratory 
tcact, However, it is possible for the viruses to adhere to fine dust 
particles (smaller than 1,.diameter) and be inhaled into the respiratory 
tract either through the nasal passage or through the mouth during normal 
inhalation, 


¢, Assistant Professor Masashichi NISHIO, Department of Hygiene, 


Kyoto University Medical School, disclosed that no research projects on 
pnes‘noconiosis has been conducted since the commencement of World War IT 
av tnis laboratory. Prior to the war, numerous projects were carried out 
on tue discharge process and the expelling velocity of foreign particles 
by ciliary action of the trachea by the following research workers: 
Doctors Masanobu SAITO (presently practicing medicine somewhere in Osaka), 
Seisaburo NAGATANI (present whereabouts unknown), Kazuo TAKENCHI (private 
practice, present location unknown), and Minoru YANAGIBASHI (deceased), 
The important published papers have been abstracted and attached to this 
report as follows: 


Inclosvre No, Titles of the Experiment Authors Publication 

5 "Discharging Process and the Seisaburo National ien 
Expelling Velocity of Inhaled NAGATANI (Japan), ‘ 36. 
Dust in the Trachea" 454 (1932 

6 "Influences of Various Physico- Seisaburo ibid, 7, 645—71? 
chemical Condition upon Dust NAGATANI (1932) 
Expelling Function of Trachea" 

7 Comparative Study of Dust Masanobu ibid, 9, 395-06 
Expelling Velocity of Trachea SAITO (1934 ) 


of Various Species of Animals" 


8 "Comparative Study of Dust Masanobu ibid, 9, 407-414 
Expelling Velocity in Trachea SAITO (1934) 
of Animals of Various Ages" 


Yy "Pathological Changes of the Kazuo ibid, 11, 1447- 
Mucous Membrane of Trachea by TAKEUCHI 1462 (1935) 
Continuous Inhalation of Various and 
Poisonous Gases and Their Minoru 
Relationship with Foreign Body YANAGIBASHI 
Expulsion Action" 


Ce Min! 
‘ f 


Be hry 


Dees 
a 


The measurement of the dust expelling velocity of different animals 
was made by Dr. S, NAGATANI with respect to the shape, hardness, and 
specific gravity of dust, particles, such as cork, charcoal, coal, sand, 
slass, zinc, iron, brass, copper, and lead powders, The results obtained 
‘refer to Inclosure 5) indicate that the velocity of the dust particles 
depends upon the surface of the trachea from which the samples were taken 
, and does not depend upon the shape, hardness, and specific gravity of the 
dust particles, Dr, NAGATANI has conducted a series of studies on the 
influence of various physico-chemical conditions, such as chemicals, drugs, 
narcotics, etc., upon the dust expelling velocity of the trachea by using 
0,074-0,088 mm diameter charcoal dust as the foreign substance. The effects 
are varying under different conditions and the detail results are tabulated 
in Inclosures 6 6nd 7, . 7 


Dr, M. SAITO has found that the dust expelling velocity of extracted 
trachea varies with the different species of animals and the infant ani- 
mals possess slower rate of dust expelling velocity than adult animals. 
(refer to Inclosure 8), It has been ascertained by Dr. M. SAITO that the 
maximum size of the dust particles, which can be expelled, varies with 
-the different animal species, Thus, the facts indicate that dust parti- 
cles , which are too large to be expelled, will never enter the trachea 
in the normal inhalation period, 


Doctors K, TAKEUCHI and M. YANAGIBASHI have studied the foreign body 
expulsion speed and the state of recovery after inhaling poisonous gases 
(sulfur dioxide, hydrogen sulfide, and carbon disulfide) for one hour a 
day for a period of 30 days were determined by using rabbits. The for- 
mation of vesicles and cerebral vesicles are due to the degeneration and 
collapse of the epithelial cells of the trachea by the chemical stimulation 
of the poisonous gases, The results are published in the National Hygiene 
(Japan), 11, 1447-1462 (1935), Inclosure 9 


According to Assistant Professor NISHIO, Professor Shozo TODA planned 
to investigate experimentally, prior to his retirement in 1945, the 
problem of droplet infection with special emphasis placed upon the relation- 
ship between the intensity of exhalation and the degree of infection by 
using pneumonia bacteria on rabbits, Unfortunately, the bacteria died 
while the experiment was in the preparatory stage, Thus, the project was 
abandoned and no experimental data were secured, 


ST 


i Ne ere S| 


tie eatin 


a 


ea ce 


eae Ly 


age an. Ay 


ne 


7 
: 


» hls conductec by Dr. “KAUAKI and his assistants were referred to the 


pe 
Rae 
ie 


d, Dr, Kesao KOBAYASHI, Director of the Ashio Mine Hospital of 
Furukawa Electric Co., Ltd,, Tochigi~ken, Kamisuga-gun, Ashio-machi, 5277, 
has conducted extensive studies on the progress of silicosis among the mine © 
wor<ers by means of X-ray photographs. Particular attention has been paid a 
to the relation between the dust particles inhaled and the development of 
Silicosis, but no study was made on the amount of dust particles retained 
in the alveoli or the mechanism by which the dust cells containing the = 
ingested dust particles migrated to the different parts of the lungs, The 
poct mortem examination of the lungs of silicosis patients disclosed that 
the extent of the silica deposition was large, but no measurement of the 
Size or its distribution at different points in the lungs was made, Dr, a 
K, KOBAYASHI has developed a portable dust collecting apparatus, the ASHIO 
Konimeter (a modified Zeiss Konimeter), by which dust samples from the mine 
are secured and measured under the microscope. The size distribution of 
the silica dust particles (47-57% free silica) of the Ashio Mine was found ~ 
to be as follows: 0,6% >10.+:, 1.4% 5-104, 25.4% 1-5, and 72.6% <laa, 
The minute dust particles, <1 «, can reach the deepest part of the lungs, 
while the larger sizes are unable to reach or enter passage-ways smaller 
than the diameter of the dust particles. A certain amount of the inhaled 
dust particles are removed by the ciliary action of the trachea and by 
coughing caused by irritation of dust particles. Thus, the percentage of 
the dust particles retained in the respiratory tract remains unknown, A 
Similer experiment to Dr, KOBAYASHI's has been conducted by Dr. Kyuji 
SKIRAKAWA, Chief of the Yubari liine Hospital of Hokkaido Coal Mine and 8 
Steamship Co,, Ltd., who has studied anthracosis and published the results 
in a report entitled "Anthracosis and Tuberculosis," Kekkaku, 9, No, 2, 
75<407 (1931). 


e. In 1935, Professor Kaneyoshi AKAZAKI, Department of Pathology, 
Niigata iledical College, commenced studies on pneumoconiosis under Profes- 
sor SCHOFF at Freidburg University, Germany, for a period of one year. ‘ 
Upon his return to Japan, Professor AXAZAKI with the assistance of dif- 
forent medical researchers at the Niigata Medical College continued his 
research on pneumoconiosis. A series of animal experimentation was carried — 
vat as well as correlating thc findings with careful post mortem exami- : 
nation of the miners af“iicted with silicosis, The findings of the experi- — 


Tiblish3c papers and ex >. 2ina in detail as follows: 


(1) Seiichiro KIRYU, a student of Professor AKAZAKI, con- 
ducted studies on the reiationship between pulmonary 
cancer and silicosis by gathcring clinical data of 
2,815 minors working at the Sado Mine (Mitsubishi 
Mining Co., Ltd.). Figures indicate that tubercular 
complications increase with the progress of silicosis, 
especially with patients over 40 years of age. The 
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exposure period of the silicotic cases examined was 
surfi.ciently lung enougn to develop pulmonary cancer, 
if the facts of KLOZT anc others are true, but none 
was detectable by X-ray cxaiinetion. The development 
ef silicosis dspended not only upvon the anount of 
sijica dust inhaled but also apcn the duration of the 
exposure and the individual constitution, Thus, the 
inhalation of silica dust particles dcves not necessarie - 
1: Lead to pulmonary cancer, The statistical figures 
@°¢ gublished in the J, Niigata Med. Assn. (Japan), 60, 
No, aa Let (1946). 


Doctors Ken SAITO, Ichiro SATO, and Keasyoshi AKAZAKT 
etucied the clinical reports ane ccadusted post mortem 
examinetion of 6 human eases of silicosis to determine 
%s svuses, The results were published in tho J. 
Ho'uessu, Med. Assn, (Japan), 59, No. 6, 655-674 (1944). 
et too prosant tine Dr, Ken SA1TO is the Head cf *+he. 
Csarisziw, Nino Hospital and Dr, Ichiro S/.TO is Head of 
the Sado Mine Hospital, both hospitals bclonging to _ 
Mitsusish= ilining Co., Ltd. A brief sumazy by Dr, 
AKATAN” in partial fulfillment of the request is as 
follows: 


(a) Tho relationship between the chemical composition 
of she cust particles inhaled and the changes in 
the tissures are as follows: 


The chemical composition of the mine dust parti- 
¢l.cs was anelyzed by Dr, Ken SAITO (J. Hokueatsu 
Mod, Assn. (Japan), 59, No. 6, 675-698 (i9h4)) 
to ba 97.25% Side, of which 90% was free silica 
auc. 10% silicates; 3.99% Fe203; 4.33% Al203; 0.11% 
VO; 0.74% CaO; 0.35% MgO; and 1.40% S, It is 
co.cindee that the inhalation of free silica is 
the dominant factor in the genesis of silicosis. 
Tic amounts of Feo03, Mn02, Al203, CaO, MgO, and 
S were in too small a percentage to give any 
appr svcinble effect upon the pulmonary changes. 
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(b) 


a micrographical and histological examination, 

a fairly large amount of soot dust (presumably 
from the miner's lamp) was found deposited with 
Silica dust in the tubercular foci, Such soot 
dust was found experimentally in rabbits to he 
harmless and causes no tubercle formation or 
fibrous proliferation in the lymphatic nodules of 
the lung and the pulmonary hilus according to K, 
AKAZAKT and Fujic NITTONO, (Trans. Soc. Path. 
(Japan) 31, 326-333 (19413, Inclosure 10). Thus, 
the presence of coal or soot dust is insignificant 
in the formation of tubercle or hardening of the 
lung tissues, 


The relationship between the pathological changes 
and the duration of exposure depends upon the 
amount of silica dust particles inhaled and the 
working conditions, The number of dust particles 
having diameters less than 5 ~ afloat in 1 
were obtained under varying conditions with a 
Zeiss konimeter as follows: 810 for drillers, 
240 for miners, 350 for timber men, and 360 for 
transporters, * The progress of pathological 
chances in the lungs is proportional to the quan~ 
tity of dust particles present in the atmosphere 
and to the actual exposure time. It has been 
known to medical researchers (ICKERT, GUTZEIT, 
GROETSCHEL, BERGERHOFF, etc.) that in all: types 
or pneumoconiosis, particularly Silicosis, the 
genesis and progress of the disease is also de~ 
pendent upon the disease suspectibility of the 
icividual, This view point was experimentally 
affirmed by Dr. Sumito TAKEUCHI (J. Hokuetsu Med. 
Assn. (Japan) 59, 306-327 (1944), Inclosure 11) 
as a result of his own animal experiment in that 
when sufficient silica dust is inhaled to cause 
Silicosis, the disease automatically progresses 
even after no more silica dust particles are 
inhaled. Silicotic tubercles are commonly be~ 
lieved to appear evenly and symmetrically on both 
lungs, but this is true only when silicosis is 
not complicated by some other disease. 
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(a) 


Silicosis is more likely to commence in the deeper 
recesses of the lungs remote from the pleura than 
jn the pulronery ailus or the sub—pleura except 
when the iyanhatic nodules undergoes patiological 
changes. ‘this is confirmed by X-ray uexzuinations 
conducsed by Dr. Ken SAITO (J. Hokuetsu ied, Assn. 
(Japan), 39, No. 6, 675-698 (1944)), bet conflicts 
witn tie vesults of the animal experiment. (aKAZAKI, 
NITTCNO, WAKHUCHI, TAKAHASHI) in which the foci 
appeerec more frequently near the sub-—pleura. 


The histological findings are as follows: 


Human silicotic tubercles are never formed by the 
organization of dust cells collected in the pul- 
monary alveolar savities according to investigation 
ecnducted by Dectors Kaneycshi AKAZAKT, Fujio 
NITTONO, and Sumito TAKFUCH.. They came into 
existence only after the silica dust particles 
filtered throvgh the pulmonary alveolar walis, 
penetrated into the interstitial substances, and 
deposited, Post mortem examinations and past 
researches indicate that the metastasis of the 
dus particles takes place when they are trans- 
mitted in the free state by the lymph flow, but 
not by the pulmonary dust cells that have ingested 
the dust particles. This is conceivable from the 
fect that the pulmonary alveolar walls have an 
extremely thin structure and whatever dust parti- 
cles found in the pulmonary lymph nodules and in 
the silicotic nodules of the other organs are all 
extremely small in size, Thus, only fine dust 
particles, less than law in diameter, can filter 
iuto the interstitial substances and be injurious. 


Silicotic tubercular are often found encircling or 
lying near the wells of the pulmonary blood ves- 
sels, suggesting some relationship between the 
appearance of th2 tubercles and the thickly lo- 
cated lymonetic vessels, Other tubercles are 
formsa in the lymrno--fullicles lying around the 
bronchi, but comparatively rare in the pulmonary 
alveolar walls nov in direct contact with the 
connective tissues or the blood vessels of the 
Ssub-pleura, The formation of these tubercles 
commences with the proliferation of the histiocytes 
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(e) 


‘(b) 


or fibrous granular cells that have ingested the 
Silica dust and other dust particles, ‘Jhile the 
proliferation of such cells is in progress, the 
fibrous formation is not so pronounced, but with 
the growth and aging of the tubercles, the for- 
mation of lattice fibers became active, gradually 
gelatinized, and finally converted into hyaline 
tubercles, When the tubercles become hyloid, the 
Silica or soot dust ingested by the cell begin to 
segregate and pass into the interstices of the 
collagenous fibers and settle. As the pathologi- 
cal process continues, the older tubercles become 
necrotic and amorphous in structure, then it is 
softened and resorbed leaving a hollow cavity 
which is not the result of tubercule bacilli. Dr. 
Kaneyoshi AKAZAKT, partially agreeing with SCHEID, 
believes that the immediate cause of the intra- 
tubercle formation of the hollow cavities or 
liquefaction of the connective tissues lies un- 
doubtedly in the deterioration of the arteries 
supplying nutrition, 


Giese!s Theory that the silicotic tubercles first 
appear in the lympho-sinus or in the derivative 
nodulus of the cortical substances has been ex- 
perimentally disapproved by Dr. K, AKAZAKI. The 
Silicotic tubercles of the human lymph nodules do 
not commence in the lympho-sinus but mainly in 
the parenchyma, It was further experimentally 
proved that the tubercles originate, aside from 
the small derivative nodular sections, more in the 
peripheral portion of the cortical substances, 


With regards to the metatasis of silica dust 
particles into the peritoneal cavities, the utter 
absence of any silicotic process in the lymph 
nodules of the mesenteriums led Dr, Kaneyoshi 
AKAZAKI and students to conclude that no dust 
particles are absorbed by the mesentery walls or 
transported by the blood circulation (haemotoge- 
neous metatasis) as the appearance of the patho~ 
logical process is always too localized and not 
diffusive enough to justify the assumption of 
haemotogeneous matatasis, The last plausible 
alternative appears to be the retrogressive lyme 
phatic metatasis. 
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(e) 


Tubercular formation are induced by haematogeneous 
metatasis since tubercle foci were found to appear 
in the various organs, especially in the liver, 
Spleen, and bone medulla rich in reticular endo- 
thelial cells. This was proved by Dr. Sumito 
TAKEUCHI (J. Hokuetsu Med, Assn. (Japan), 59, 
306-327 (1944), Inclosure 11), in his laboratory 
experiment by injecting silica dust emulsion into 
the vein of rabbits. 


The relationship between silicosis and tubercu- 
losis was studied from two angles; first, the ef- 
fect of the tuberculosis complication upon the 
preexisting silicotic foci, and second, the ef- 
fect of silica dust particles upon the pre-existing 
tuberculosis, No definite explanations have been 
found, but Dr. K, AKAZAKI believes that the pro- 
liferation process based upon results of histolo- 
gical examinations, does not necessarily take 
place and the exudative tubercular foci often 
appear concurrently with silicosis, 


The microscopic examination of the effect of 
Silice dust particles upon tuberculosis revealed 
the presence of some adhesive foci, resembling 

the so-called "adhesive silicotic tubercles", but 
in contra-distinction to the normal adhesive 
Silicotic tubercles, their centers were ashy in 
color, suggesting the progress of caseation of 
tuberculosis, This was ascertained as caseation 
of tuberculosis by carefully examining those 
tubercular foci that had embodied only goal dust 
in their peripheral films. These foci were en- 
circled by a sort of proliferated granular tissues 
which embodied larger numbers of initial silicotic 
tubercles than were found elsewhere in the lung 
ficld causing the neighboring lung region to be 
hardened, In other words, the dust stimulated the 
proliferation of the granular tissues to such an 
extent that they injured the function of the 
neighboring lung field, wh2reas the silica dust 
checked the caseation process in the center of the 
foci, The extremely aggressive granular formation 
was brought about by the inhalation of the silica 
dust duc to the rapid response of the inflammatory 
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tubercular process to the complication, Thus, 

the inhalation of silica dust particles stimulates 
the growth of the abnormally aggressive granular 
tissues around the tubercle foci and makes the 
prognosis of tuberculosis worse instead of exer- 
ting curative effects, 


(3) Dr. Sumito TAKEUCHI conducted research on the pathoge- 


(4) 


nesis of silicosis under the direction of Dr, Kaneyoshi 
AKAZAKI during 1943-1944 at the Niigata Medical College, 
Rabbits were subjected to experimentation and the re~ 
sults wore published in the J, Hokuetsu Med. Assn, 
(Japan), 59, 306-327 (1944), Inclosure 11. The results 
obtained wore as follows: (a) The finer silica dust 
particles are more conducive to the development of 
Silicosis duc to the vase of filtering through the 
alveolar walls and cyaveyed to other parts of the body 
by haemotogoneous metatasis, and (b) the dust particles 
penetrating into the body of tne rabbit, either by 
forced inhalation or by injection, was conjested by 

the cells of the reticular endothclial series giving 
rise tc the proliferation of the lattice form fibers 
which are collagenized and finally resulted into typi- 
cal silicotic tubercles, 


Doctors Kaneyoshi AKAZAKI and Fujio NITTONO (Trans. 
Soc. Path. Japan, 31, 326-333 (1941), Inclosure 10) 
have classified the morphological changes of the res- 
piratory tract caused by various types of inhaled dust 
particles by post mortem examination of human bodies 
and by experimental researches on pneumoconiosis with 
different animals, They have discovered the remarkable 
appearance of the alveolar groups fully packed with 
carbon soot dust accompanied by distinctly thickened 
walls and pronounced state of atrophy, This phenomena 
appeared to be a protective process of the lungs against 
the intrusion of the soot dust which is embodied in the 
atrophied alveoli, However, it is highly probable but 
not conclusive that a certain amount of fine soot par- 
ticles penetrated into the lung interstices in a free 
state by way of the lymphatic circulation. The metas 
tatic deposition of soot dust in the lympl.aS.c nodules 
of the pulmonary hilus was obecsrcd to commence first 
With a spo.cdic migreticn in the cortical nodules and 
the medullary cord mos ‘iy inzestca by the reticular 
cells ox sctvticd in a free state in the tissue crevices, 
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(5) 


(6) 


(7) 


However, in the course of time the soot dusts gradually 
tended to assemble in masses on the inner brim of the 
cortical nodules or in the medullary cords, The proli- 
feration of the lattice and connective tissues fibers 
were not observed and it may be concluded that the 
presence of soot dust causes no fibrous reactions, 


Dr, Fujio NITTONO conducted systematic macroscopical 
and histological examination of 108 cases of autopsy 
of human lungs affected by inhalation of coal dust 
particles, The findings are reported in his paper 
entitled "Contribution to the Study of Human Pulmonary 
Anthracosis," published in the Trans. Soc, Path. J 

30, 290-296 (1940), Inclosure 12, e quantity and the 
type of coal dust deposition in the 108 cases of autop- 
sy of human lungs and the adjacent organs are abstract- 
ed and tabulated from the original report entitled 
"Studies on the Deposition of Coal Dust in the Hunan 
Lungs and its Migration," published in the Hokuetsu 
Med. J. (Japan), 55, No. 4, 210-291 (1940), Inclosure 
a3. 


Dr. Setsugi SAKAI has conducted an animal experiment 
during the latter part of World War II to determine 
the influence of silicotic processes upon the pulmonary 
tuberculosis. The results of the riment are pub- 
lished’ in the J. Niigata Med, heen onan » 62, 1-10 
(1948), Inclosure 14, 


Dr. Koji TAKAHASHI conducted an animal experiment with 
rabbits for 107 weeks duration to examine how the in- 
jected iron dust will affect the lungs and other organs, 
Also, the inhalation of ferric oxide dust was conducted 
for a maximum period of 914 days to study how the minute 
particles passed from the alveolar cavities into the 
interstitial substances. The results of this experiment 
coincided with that of Professor AKAZAKI's on experi- 
mental anthracosis (Trans. Soc. Path. Japan, 31, 326- 
333 (1941). Free iron dust particles were often found 
settled in the inter-tissue substances of the »lveclar 
walls, bronchi, and blood vessels, as well s in *he 
inter-lymphatic spaces and vessels. Only a verv small 
portion of the iron oxide particles, if wy, was ine 
gessec by the histocytes or the connective vissne cells. 
hoi copired with enthracosis, the iron oxide cust 

inhi acon or injection brought about only a small dust 
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deposition even when the experiment was conducted over 
a long period but no proliferation of the lattice or 
connective tissue fibers were detected, The details 
and the results of the experiment are published iin the 


Res, Rept, Path, Dept., Niigata Med. College (Japan), 
%0, 1-21 (19Gb), Inclosure 13- 


f, Dr. Ugaro KOINUMA of the Department of Hygiene, Nagoya 
University, recalled the research work of Dr, Masao YAJIMA, who conducted 
pathological studies on the experimental pneumoconiosis in guinea pigs and 
its relationship with tuberculosis during 1932 and 1933 at this laboratory. 
The results of the experiment are published in the Memoirs of Path. (Japan), 
10, No. 1, 1-135 (1935), Inclosure 16, The last experiment conducted on 
pneumoconiosis at this labcratory was that of Dr, Hiramasa SENDA on tle 
"Research of Cementosis," which was published in the National Hygien2 
(Japan), Vol (2), 672~695 (1944), Inclosure 17. 


Reference was secured to the research work conducted by Dr, Kiyoyoshi 
HORIGUCHI during 1933 and 1934 at the Department of Hygiene, Osaka Un‘ver- 
sity, on the inhalation of microscopic foreign particles. The results of 
the experiment are published in the J. Osaka Med. Assn, (Japan), 35, 365- 
(1936); ibid, 35, 547-551 (1936); and ibid, 35, 663-668 (1936), Inclosure 
18. In this project, Dr, Kiyoyoshi HORIGUCHI studied the inhalation of 
microscopic foreign substances by healthy animals, by animals with lungs 
atrophied prior to inhalation, and by animals with lungs atrophied after 
the commencement of dust inhalation to determine in which pulmonary region 
the greatest amount of dust particles (soot dust, carmine pigment, and 
zinc oxide dust) would settle, In the experiment with normal snimals, 
rabbits, dogs, and goats, the inhaled foreign particles settled in greater 
anounts in the right upper lobe of the lungs. When the lungs of goats and 
rabbits were atrophied by pneumothorax, phrenicectomy, and thracoplasty 
methods, the pulmonary regions contained the least amount of dust deposit 
due to the highly impeded respiratory function; whereas the region only 
Slightly affected had a comparatively large deposits, 


g. Dr. Tsuneo HASEGAWA of the Mitsubishi Mining Co,, Itd,, 
Research Laboratory; Saitama~ken, Omiya-shi, Kitabukuro, 16, is actively 
conducting experimental research on the migration of fine silica dust 
particles, less than 5 u in diameter, in the body of rabbits, The objec- 
tive of the experimert is to determine the extent of silica dust particle 
deposition in the spleen, heart, liver, and lymphatic systems by subcuta- 
ovens Liujection of sericite solution into the veins of the rabbits. The 
evzc.i1rent was commenced in May 1947 by hand grinding the sericite (approxi- 
notel, “0% SiOg) obtained from Ibaraki-ken, Hitachi~shi area to Jess chan 
Su ALautezs, A 2% emal.sion was prepared and 2 cec/kg weigiti 1 “sne 
“obott 4. subcutaneously invested at regular intervals. At the present 
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time 15 animais are being treated, A rabbit is killed at regular intervals 
to make @ macroscopicai aud histological observations of the chinzes in the 
difiercrt organs. This experiment is expected to be sarmied ow aiuctuer 

6 months in order to obtain resuits over an extended »eriod of vixe, 


When the necessary preparations are completed, a series of dust in- 
halation experiments with rabbits wiJl be commenced to correlate the results 
presently obtained as well as to determine the particle size distribution 
and the mode by which the silica dust particles penetrate to the various 
organs from the respiratory tract. 


At the present time plans are being made with the electron microscope 
manufacturers to have photographs made of the silice dust particles settled 
in the different organs for possible dote:minzution of the dust particle 
Sizes, If the electron microscope produc:s satisfactory results, the 
Mitsubishi Mining Co,, Ltd., is seriously contemplating purchase of the 
instrument to carry out studies on the size distribution of dust particles 
in the various sections of the respiratory tract and other organs. 


Dr. T, HASEGAYA was graduated from the Niigata Medical College in 
1936 and conducted post-graduate studies on the problems of silicosis under 
Dr. Kaneyoshi AKAZAKT for one year. After joi: ing the Mitsubishi Mining 
Co., Lid., as a member of the medical staii’, Iz. HASEGAWA has continued 
his studies on Silicosis and nas maintainec. a close relationship with Dr. 
AKAZAKTI. 


With regards to research projects coiducte? on dist particles at other 
Mitsubishi Mining Co,, Ltd., plants, Dr. ii SEGA disclosed the following 
information: 


(1) Dectors Goro ITO and Mishio HAY WAW'. of the Teine Mine; Hokkaido, 
Sapporo-gun, Teine-nura, aie corducting svudies with Professor 
Zenjuro INOUYE on the erfect of innaling alwainum powder (im- 
ported fron United States through Takeda Pure Chemical Co,., Osaka, 
prior to World War {[I) to detemnine whether or not fibrous can. 
be formed in rabbits, Preliminary vesults thus far obtained 
indicate that the pulmonar; fibrous wili not form in 5 months 
wien aluminum powder is inuealea tegether with tne silica dust 
particles, Professor Z, INOUYE is witn the Ocpartment of kyziene, 
Faculty of Medicine, Hokkaido University and ue vonceived of the 
iuca epproximately 1C years azo of utilizing fine aivnimua cowder 
turough innulation as a preventative measure against siliccesic, 
but. failed to commence the exoerimeatation uatil 19/6, Prcfecsor 
INOUYE's research work is along the cimilar line cor¢acte? > Dr. 
R.D, IRVIN at the Mining Laboratory of MacIntyre Torcupine Mine 
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Pathological and histological studies are also conducted by 
Dectors ITO and HAYAKAWA on the mechanism by which the silica 
dust particles are enveloped by the aluminum metals, Th ree 
sence of aluminum metal about the silica dust particles en»edded 
in the different parts of the respiratory tract is detectei by 
the use of aurine indicator. The relationship between tubercule 
baccilli, silica dust particles, and aluminum powder is being 
conducted. The final results of the animal experiment will not 
be completed until 1949. 


(2) Dr, Ken SAITO, Head of the Osarugawa Mine Hospital, Akita-ken, 
Kazuno-gun, Kazuno-mura, Osarugawa-machi, and Dr, Ichiro SATO, 
Head of the Sado Mine Hospital, Niigata~ken, Sado-gun, Aikawa- 
machi, are presently not conducting any experimental researches 
on Silicosis, Doctors K, SAITO and I. SATO are both graduates 
of the Niigata Medical College and both have conducted research 
work under Professor Kaneyoshi AKAZAKI with whom they maintain 
close relationship concerning problems in silicosis, 


6. CONCLUSIONS: Ten Japanese medical authorities were interviewed 
in the course of the investigation. <A number of these have conducted a 
series of animal experiments and post mortem autopsy of human beings af- 
flicted with pneumoconiosis, However, no experiments have been conducted 
to any great detail on the size distribution of the microscopical particles 
lodged or deposited in the different anatomical parts of the respiratory 
tract. The results obtained from Japanese research projects, both publish- 
ed and unpublished, with respect to the point of deposition, size of the 
particles, and the pathological changes are tabulated in Table I. 


TABLE } ° 


Researcher ‘Reference Deposition of Distribution | Pathological Changes 
‘to Inclo- } Particles of Inhaled 
isures Particle size 


S. ISHINISH 1 No deposition of 61. OF 
and | Limestone parti~| >180 mesh 

S, TAKEYA cles (4.24% Si0g 

and high carbo- 

nate content) 

' found lung 


Noted congestion, 
dropsy, hemorrhage, 
and alelectase in lungs 
epithelium ablution in 
trachea; and epithelium 
necrosis in lary 


tJ 


. MIYAZAKI 2 Deposition occur} 50.7% Sub-acute laryngitis 
and red in lymphatic; >300 mesh | and trachitis 
G, NIWA glands of pulmo- 


(oe os ree mee Be ne eens ee ee - —rer een 


nary hilus with 
Cottrell dust 
(39.93% Si02) 
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BH. ODA ae i Cotton, wool, 33-40% Deposition caused viea4 
| and staple fibers| less than | rious emphrsers Sut no 


deposited in ' 1004 in . proliferation of con- 
es alveoli le i nective tissucs _ 
iT, KURODA : i Silica dust Pulmonary alveclar 


(89-93% Si02) 
deposited in 
. alveoli 


| Septa was partially 

| infiltrated with dif- 
, fusive round cells and 
roliferated: etc 


ee. en 


, Inhalation of | Formation of vesicles 
| S02, HoS, and ' due to degeneration 
M. YANAGTBASHI , | CSo and collapse of epi- 


| thelial cells of 
trachea 
Disintegration of pul- 
, monary alveoli, pro- 
liferation of bronchial! 


K. KOBAYASHI : ~. Deposition of 72.6% 
silica dust (4.7~ less than 
| 57% free silica) 1” in 


i 
Rae in alveoli diameter | epithelial cells, ete 
K. SAITO i =. | Deposition of Penetration of silica 
I. SATO silica dust less than | dust particles through 
and | (87.25% Sido) in 5 x.dia. | pulmonary alveolar 
K, AKAZAKTI the tubercular | walls into intersti- 
| foci of human tial substance where 
lung deposition take place, 
| : Only particles less 
' than 1, in dia. can 
. filter through tissue 
K, AKAZAKT 10 Deposition of Inhalation! Soot dust particles 
and soot dust in of carbon | not received by bron- 
F, NITTONO ! alveolar cavi- soot chial epithelium or 
| | ties resorbed through inter 
cellular lymphatic 
| crevices; passage of 
soot dust from alveola 
; ; cavities into inter- | 
stices was not definite 
S. TAKEUCHI 11 Silica dust par- 50-60% Formation of silicotic 
ticles (95% less than | tubercules by collag- 
SiO.) in alveo- 5, dia. | enization of prolifer~ 
| lar cavities ated lattice-form fi- 


bers due to the cone 
| jestion of reticular 
i endothelial cells 
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F, NITTONO | 12 Coal dust Mine dust { Coal dust par‘icles on 
: deposited in ithe peripaains of 
human lungs, l alveolar wJls, trans- | 
nanely, alveoli ; ported ene lympha- 


| tie vessels to glands, 
ier ingested by inter- 
' stitial connective 
| tissues, Especially 
, dense deposition in 
'peri-bronchial, peri- | 
, Vascular, and oom 
| connective tissues 
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Injection of 

Silica emulsion 
and tubercle 

/ bacilli 


sie | Alveolar walls were 
| thickoned by deposition 
| of silica dust. Sym- 

i phatic nodules showed 

: only diffusively pro- 

| liferated epithelial 

i cellular tubercles 


' K, TAKAHASHI a5 


: Ferric oxide Commer— , Proliferation of epi- 
| dust particles cial | thelial celis of alveo- 
; was deposited ferric : lar walls and occlusion 
| | in intertissue oxide | of free ferric oxide 
| substances of powder dust particles, However, 
aiveolar walls, j| ‘mo permanent change of 
bronchi, and i the alveolar walls 


blood vessels occurred. 


Dust. particles 
(83% Sid2) 
deposited in 

| bronchial and 
alveolar 
cavities 


| Surface of lungs showed 
on streets |! deposition of dust par-— 
of Nagoya | Soles as black spots; 

| right pulmonary appex 
was most affected. Com 
plications arose when : 
injections of tubercle 
bacilli were given. 


Many dust particles 


Fine dust 


H. SENDA Cement dust 


t 


(22.2% Sido) than 5,, j{ gathered around blood 
deposited in dia. of vessels, lymphatic 
alveoli and - which vessels, and bronchus 
other. points 10.5% ; where engorgement by 
less than | dust cells were taking 
Ly, dia, place; dust particles 
| were isolated in pul- 


monary vesicle walls, 
' cell walls, and cell 
i spaces 
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| 18 Right upper 
iung in larger 

| quantity than 

| other portions 
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Comparison of the 
amount of dust particles 
deposited in each re- 
gion of lungs was made 
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At the ;recant time Dr, Tsuneo HASEGA'YA, Research Laboratory of 
the Mitsubishi Mining Co,, Itd., Saitama-ien, Omiya~shi, Kitabukuvo, 16, 
and Doctors Goro iT) and ‘lishio HAYAKAWA, Teine Mine of Mitsubishi Mining 
Co,., Ltd., Hokkaido, Sappsoro-gun, Teine-mura, together with Professor 
Zenjuro INOUYE, Department of Hygiene, Faculty of Medicine, Fokl:aido 
University, are acviveliy conducting animal experiments on the study of 


Professor Kaneyoshi AKAZAKI is acting as cons uttrig 


pathologist and conducting pathological studies on the specimens subaitted 
by the medical researchers of Mitsubishi Mining Co., Ltd, Conclusive 
results of their present research projects will not be known unvil Spring 
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RECOMMENDATIONS: Recommend that this report be forwarded to 
Targets Branch, Department of the Army (Strategic) Intelligence Division, 
for collation, 
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"Injurious Effects of Rock Powder used in Coal Mines upon the 
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"Experimental Studies on the Influences of Textile Fibers on the 
Lungs of Rabbits and the Development of Tuberculosis" 
"Experimental Study on the Correlation between Silicosis and 
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INJURIOUS EFFECT OF ROCK POWDER USED IN COAL MINES 
PON THE RESPIRATORY ORGANS (1) EXPERIMENT YITH "Ss" ROCK 
(White Rock Powder) 


by 


Shiko TAKEYA and Susumu ISHINISHI 
Pathological Research Laboratory, Mitsui Medical Institute 
for Industry of Mitsui Mining Co., Ltd., Pukuoka-ken 


ABSTRACT 


(Full Report Unpublished; Abstract published in Igaku to Seibutsugaku, 11, 
No. 4, 235-239 (1947)) 


As an effective method of counteracting coal dust explosions, the 
Japanese Government Coal Mine Explosion Control Regulations require the 
sprinkling of rock powder in every mine (a) to prevent coal dust fran 
floating in the atmosphere, (b) to minimize the inflammability of coal 
dust by increasing the content of incombustible substances in the coal 
dust, and (c) to minimize damages to within a limited section in the event 
of explosion, 


The objective of the present research is to examine the influences of 


the various types of rock powder upon the respiratory organs and to deter~ 
mine the suitability of rock powder from the medical standpoint, 


1. Experimental Method: 


a, Test Animals: Matured rabbits 
b. Reck Powder: Limestone pulverized into fine powder by a crusher: 


(1) Chemical composition was as follows: 


' Chemical | 
noe + CO2 | Sid, , Al203] Fe203 . ind MgO S03 Nag0 


| Distribution | 10.850 he 2h0 1.729+ 1.071 0.279 } 51.000 0.869) 0,583 | 0.074 


“NOTE: pH 7,90 (Obtained by dissolving 1 g. of rock powder in 100 cc, of 
distilled water, pH 5.5) 


(2) Size of the rock powder grains was as follows: 


| Grain Size, 

| Mesh i> oie 180-76 7630 30—20 20 
Distribution | 

| % : Mos | 20a | a Lek 1.4 


Incl 1, Report TID, GHQ, FEC, APO 500, subject: "Locus of Impaction of 
Particulated," dtd 15 Dec 48 
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(3) Shape of rock powder: The rock powder was mixed in water to 
make. a suspension in solution and one drop of the solution 
was examined under the microscope, The grain of the rock 
powder was found to have round or nearly round polygon shape. 


¢,. Dust Inhalation Method: A wooden fbox (190 x 94 x 120 cm) was 
partitioned into 48 small cages, each measuring approximately 28.8 x 42.5 x 
28 cm, One rabbit was placed into each cage and then the rock powder was 
admitted continuosly into the box by means of a blower from the upper part 
of the inhalation box, Figure 1. 
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FIG, 1 INHALATION APPARATUS 


d, Duration of Rock Powder Inhalation: The experiment was commenced 
from 10 Jun 40, A rabbit wes placed in each cage about 0900 hours after 
their morning feeding every day except holidays, The inhalation of dust 
was continued until 1600 ~ 1700 hours and taken out of the cage. During 
the summer months, the experiment was suspended about 1300 hours. The 
inhalation time was approximately 5 to & hours/day and the treatment was 
continued until all the animals died, 
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e. liiethod of Examination: After the dead animals were dissectec, 
each viscera was extracted and fixed with 10% formalin, washed with water, 
and fineily dehydrated with alcohol, Then colloidin slices were made of 
the specimen in the conventional manner. For staining the specimen 
haematexylin~eosine dye was usually used unless van Giesen and azine 
staining were required, 


2. Experimental Results: 


The results of the examinations are summarized in Tables 1 and 2. The 
notations, (= ~ -), (++), (+), ete., are only arbitrarily selected by the 
authors to indicate the relative extent of the pathological changes. 


3. Summary and Discussion: 


a, The difficulty involved in this study was that the concentration 
of the rock powder in the air blown into the inhalation chamber could not 
be quantitatively denoted, The rock powder was blown into the chamber 
under assimilated conditions comparable to that in coal mines, except for 
the difference in the humidity, 


b,. The life period of the test animals were relatively short, being 
from only 1 to 25 days, 

Cc. The rock powders did not deposit in the lungs. So-called "dust 
cells" were not formed, This was probably due to the caleium carbonate, 
main constituent of the rock powder, being readily soluble in water due 
to the presence of carbon dioxide in the air. 


d, The pathological changes in the respiratory organs were observed 
as follows: 


(1) Congestion, dropsy, haemorrhage, bronchuli pnuemonia and 
atelectase in the lungs. 


(2) Congestion, dropsy, and epithelium ablution in the trachea, 
(3) Congestion, dropsy and epithelium necrosis in the larynx. 


e, The repletion and loss of vitality of the lungs, necrosis of the 
larynx epithelium, pleurisy, etc,, were also observed in a few cases, 
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THE INTLUENCE OF THE ROCK POWDER USED 
IN THE COAL MINES UPOM THE HUMAN BODY 


By 


Tadatoshi MIYAZAKI and Goro NIWA 
Pathological Research Laboratory, Mitsui Medical 
Institute for Industry of Mitsui Mining Co., Ltd., Fukuoka-ken 


ABSTRACT 
Unpublished Report 


The present experiment pertains to the influence exerted by the rock 
powder upon the human health. The exreriment vas conducted over an extended 
period from July 1940 to April 1944. The rock powder employed in this ex- 
periment was of the same type as that used in the Miike Coal Mine of Mitsui 
Mining Co., Ltd. 


l. M Mate : 


a. Test animals: For the present experiment 22 mature rabbits 
and 33 guinea pigs were employed. 


b. Rock powder: Cottrell dust was obtained from the Miike 
Power Plant. 


(1) Chemical composition and pH value of the dust were as 
follows: 


Chemical. Si0> | Free 41203 Fex03 “CaO Med S04 ‘\¢ CO. 
Component _ Side 


‘ 
an See ee inne a eee om. one aes mene whee — ee ee eed 


Distribution, % | 39.93 fa 12.15}27. 30| 10,54|15,52/ 1451 | 2. 96/ 0.17 242 
fie ae ae 
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(2) Size of the rock power: The sieving test of the rock 
powder with the standard sieve gave the following dis~ 
tribution: 


Grain Size, 
mesh 


ene eee oem m- 


Distibution, % 
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(3) Shape of the rock powler: Nearly all grains were found 
to be spherical in shape. 


c. Dust Inhalation Method and its Duration: All the test animals 
were placed in tac dust inhalation box described in the previous report 
aku to Seibvtsugaku, 11, Mo. 4, 235-239 (1947)). The animals were made 
to inhale as much rock power as possible for § to 8 hours daily except 
Sundays and holidays until all the animals died. 


The duration of the experiment and the period of inhalation were as 
follows: 


Animal Guinea Pigs 


Rabbits 


Duration of 
experiment 


16-1107 days 
75-6293 hours 


6-1698 hours 


_ + 


The histological observations of the trachea, larynx and the lungs 
were made on both the test animals, rabbit and guinea pig. The results are 
summarized in Tables I, II, III, and IV. 


The pathological changes noted in the experiment are as follows: 


a. Acute or sub-acute laryngitis and trachitis were witnessed 
in all the test animals. 


b. In the early stages, the lungs showed bronchitis, dropsy, 
localized haemorrhage, emphysema, atelectasis, catarrhal pneumonia, engorge- 
ment, etc. Pulmonary abscess often anpeared in the later stages. When 
macroscopically examined, the rock powder deposit anneared as slab-colored 
or blackish miliary or extra-miliary linear macules beneath the pleura and 
also the pulmonary sections. The appearance of these spots was particularly 
pronounced in the rabhits after 920 hours of dust inhalation and in the guinea 
pigs after 255 hours. The presence of the cells which had ingested appre- 
ciable amount of rock povder was detected in 200 hours in the rabhits by 
examination under the microscope, but they appeared from the beginning in 
the case of the guinea pigs. These macrosconically visible spots of rock 
powder deposits were collections of several pulmonary alveoli in which dust 
cells that had ingested large amount of the minute rock powder were settled. 
Fefore these spots anpeared, idio-lobular (special lobular) pulmonary apex 
foci consisting of rock povder ingested cel’s had core into existence. The 
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_aietonce of both the spots and the pulmonary apex foci mentioned above 
prev more distinct in rabbits after the 1173 hovr. From around the 200%th 
hour, they began to snread diffusively over the entire lung area bringing 
abont a widely disseminated aletectitic condition. Such a diffusive type 
of pathological changes appeared in guinea pigs from around the 1400th hour, 
Such a proliferation of tie connective tissues, as typically seen in the 
case of silicosis, was not witnessed in the present experiment. 


c, The lymphatic gland of the pulmonary hilus showed the depo- 
sition of rock power in rabbits after 165 hours and in guinea pigs after 
58 hours, and it was seen to grow steadily in size as the time progressed, 
The proliferation of the lymphatic glands were often observed. In the 
rabbit that had inhaled dust particles for 5776 hours, the proliferation 
had assumed the form of mediastinal tumor. 


d. A slight myocardiac deterioration and localized infiltration 
of small round cejls often appeared in the heart of the rabbits from around 
the 1090th hour, but no such distinct pathological changes appeared in the 
guinea pigs. 


e. The spleen underwent no particularly pronounced pathological 
changes except for atrophy of the lymphoglandular tubercles and the haemo- 
siderosis and atrophy of the splenic medullae. Only in one case, amyloid 
processes was observed. 


f. The engorgement and atrophy of the liver cells were witnessed 
in the liver and ~hen the experiment was conducted over a longer period, 
abscess and biliary duct inflammation appeared in a few cases. 


g.- The kidney, as a rvle, showed no marked pathological changes. 
As the pathological chanves were produced under specially inten- 
sified exnerimental conditions, the authors are not justified to use them 


without modifications as a yardstick in determining the hazardness of rock 
ponder in the coal mines to the human health, 
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TABLE ITI - HISTOLOGICAL OBSERVATION OF GUINEA PIG 
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EXTERLIGNTAL STUDIES ON THR INFLUENCES OF TEXTILE FIB=IRS 
ON TE LUNGS OF RABBITS £1) THE DEVELOPMINT OF TUBERCULOSIS 


By 
Dr. Hideichi ODA 


Institute of Hygiene and 2nd Medics] Clinic, 
Faculty of uedieine, Kyushu University, Fukuoka 


ABS TRACT 
(Published in Fukuolz. Medical, Journal (Japan), 36, 511-542 (1943)) 


Little has been knovm concerning the different types of injuries ine 
curred to the lunes by the inhalation of organic fiber particles, The 
author studied the pathological relation betveen pneumoconiosis and the 
tubercular chenges by concucting experiments with rabbits by allowing them 
to inhale various kinds of fiber dust, 


The experimental procedure consisted in keeping groups of 5 to 6 
rabbits of medium weight in wooden cages for 2 hours each day over a period 
of 10 to 120 days, Air laden with fiber dust wes admitted into these cages 
with 2 pump and the circulation of the fiber dust was conducted by air 
current through a glass vessel (Size #11 Jar), which wes later replaced by 
an improved glass cylinder of 60 cm long and 7 om in diameter. 


Apparatus : 
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ae’ ek 


4 Filt er 
Za B Rabbit cege 
C Size #11 Jar, 
as se os cc., dust 
indxe 
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| C! een al dust mixer 
D Meanometer 
F Soray Nozzle 


The fiber dusts wers’ cleaned as much as bani and were found to 
consist of short cut wool, cotton and cellulose threads, The percent 
Gistri>ution by length of cotton, wool and staple fibers are tobulated in 
Table I, 


rabbit 
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TABLE I PERCENTAGE DISTRIBUTION BY LENGTH 
OF DIFFERENT FIBER DUST 
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The ash content of weaving fiber were analyzed and found to be as 
indicated in Table II. 


TABLE TI ASH CONTENT OF WRAVING FIBER 


~ ‘¥ind of Fiber | Moisture Ash Content, 
EGE, ieee 6 A Ea | ee a 


sw cotton (Brazil) «sss ss 


28 2.30 
Waste cotton under 


Cording machine | abdomen 
Cotton ie RRS ROS eae ‘ere * « Genesee ies 
‘boerimental cotton dust |” 7219 / a 
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fiter the dust laden air wes inhaled by the rabbits for 10 to 120 
days, some were killec for examination of the pathological chenges in their 
lunes while the remainder were contaminated with tubercle bacilli of bovine 
t-pe by subeutancous injection, After the injection of the bacteria, the 
animals were allowed to inhale fiber dusts for another 15 days and were 
killed 55 days later, Their lungs and other organs were orepared for ana 
tomical examinetion, 


Conclusions: The results of the examination can be swamarized as 
follovs: 


&, It was noted that the inhaled fiber dusts exerted harmful influ- 
ences upon the subsequent growth of the animals as indicated in Table 3 
and graphically represented in Figure l. 


‘TABLE ITI INCRUASE IY WEIGHT OF RABBITS 
DURING THS ZXPERTMENT (CONDENSATION OF 5 TABLES) 
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' FIGURE 1 - GRAPHICAL REPRESENTATION CF THE 
_ TWCRUASE IN WEIGHT OF RABRITS DURING THE EXPERIMENT 
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b. The fibers filtered deep into the alveoli by normal oe and 
Sajured the lung tissues, which showed atelectasis, namely, vicarious 
e prvson7. but no proliferntion of the connective tissues was noted, 


cs Pronounced pathological changes of the lungs consisted in the 
more or less diffusive knot-like bleeding which appeared macroscovically 
on the sur’sce and sectional face, microscopically in the parenchymas, and 
Somewhet less pronounced in the neighborhood of the blood vessels and 
bronchi. Often the fibers were found in the surroundings of the hamorrhage. 


d, The dust inhaled and the tubercle bacilli injected animzis showed 
more numerous dilated tubercle foei than those that did not inhale fiber 
dust, Further it was noted that in the case of animals that inhaled cotton 
fiber dust, their pathological changes were of more exudative nature, But 
in the case of animals thot inhaled cellulose fiber dust, which were less 
harmful than the others, the pathological changes of these tuberculars 
were as mild as the dust controlled or normel animals. Compared with the 
affected lungs, other orgens which were dircctly exposed to fiber dust, 
even the harmful cotton fiber dust, underwent fr less pronounced tubercu- 
lar chengces. The results are tabulated in Tables IV, V, and VI, 


e. Thus, it is evident thst the lesion of lungs causec by the con- 
tiauous inhalation of fiber cust, even in slight and mild degree, WAS 
proved to be powerful incucement to wards the development of “tuberculosis, 
The results .re tabulated in Table VII. From the above observetions, the 
author concluded that with the exception of the least harmful cellulose 
fibcr cust, 211 types of fiber dust, even if their injurious effect may 
vary in degrec , make it easy for tuberculosis to develop, 
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EXPERIMENTAL STUDY ON THE CORRELATION 
BETYFEN SILIUCSi£ AND PULMONARY 
TUBFROULTSIS 


by 
Dr. Itsuo KURONA 


Post Graduate Student, Institute of dygiene, 
Faculty of Medicine, Kyushu University, Fukuoka. 


ABSTRACT from Unpublished Report 


Using the experimental matcrials and procedures mentioned 
belor, the cuthor, as a student of hygiene, has conducted 2 series 
of experiments to determine the correlation between silicosis and 
foe na tuberculosis, The results of the experiments are as 
follows: 


1. Experimental Materials. 
a. ilica dusts 


Fine red and white silica dusts, which rere brownish red 
in color, were collected from the edge mill and tube mill of the 
refractory brick plant of Yawata Iron “orks, Approximately 90% 
of the particles were smaller than 5,, in size, Under examination 
rith a Nicol microscope, the particles consisted of two types, 
light brownish and colorless transparency, vith both presenting 
fractured appearances, The light brownish particles were somewhat 
larger in size embodying brownish grammes, while the colorless 
transparent particles, larger in number than the former, were flat 
in shape vith somewhat rugged edges. Their sectional surface-gave- 
glassy luster and was homogenous in quality, Their refraction of 
light was comonratively pronounced in direct light, but in the 
case of larger particles the extinction of light was pronounced. 
Their chemical composition ras reported by the analysis section of 
the Yawata Irom Yorks laboratory as follows: 


. ~~ Composition ' | 
t in ' 
~ in % tom. A104 Feo03 ! CaQ0 | MgO S | P2905; ¢ 


Dusts i 
. 
{ 


2.07 | 1.89 | 0,18 " 0,98)0.06 | 0,021 0.11! 0.32 
2.88 | 2.04 | 


{ 


\Fdge M411 homes 
: 
| Tube 1411 ; 89.96 


ee en ee 


0.62 | 1.54! 0.28 0,08 0.06 | 0.75 
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b. Tubercle bacilli. 


The bacilli were supplied from the stock of the tubercle 
bacilli of bovine type kept by the Department of Bacteriology, Kyushu 
University, The bacteria was accurately weighed and placed into 
sterilized physiological solution so that 1 ml. of solution contained 
1 mg. 


c. Test Animals, 


Thite mice, each weighing 70-80 groms were used for the 
experiment, 


2. FExpe-imental Procedures 


The exveriment was conducted by using the apparatuses and 
procedures desiznat«d by Dr. ODA, Professor of Hygiene (Refer to 
Fukuoka Medica? Journal (Japan), 36, 511-542 (1943), Inclosure 3). 


The silica dusts were first thoroughly dried in an electric 
dessicator and then approximetely 140-150 grams of the dust were blown 
into the test box for 2 period of } hour. The blower is capable of 
blowing in 66 liters of air/min, #hus, the concentration of dust 
particles in the test box ras anproximately 275 mg/liter of air. 


After the test animals were made to inhale the silica dust 
for an hour every other day and for a required length of time, they 
vere killed for examination. 


The animals were contaminated with tubercle bacilli by inject+ 


ing 0,3+0,5 ml. of the tubercle solution into the nape subcutaneously, 


Upon killing the animals a microscopic examination of their 
lungs was conducted and the the lung epaé?tiene were immersed in 10% 
formalin solution and preserved in paraffin. They were then treated 
by haematoxylin-cosig. double dyeing and von Giesen dyeing. 


“hen the dust particles were blown into the test box, the. 
white mice became restless and began running around the box almost 
‘immediately or vithin a period of 2 minutes at the latest and rubbing 


their noses vith thei: forelegs in an effort to evade the inhalation of * - 


the dust particles, In 5 to 7 minutes, the mice quieted down, 


The test animals were divided into 5 groups, each consisting 
of 10 mice, 


Group 1: The annimals were made to inhale silica dust 
particles once every other day for a total of 57 inhalations. Then 
the animals were examined to cetermine the extent their body weight 
and lungs were affected by the inhalation of silica dust particles. 
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Group 2: Air clone was admitted into the test box instead 
of silica dust contaminated air for a total of 42 inhaiaticns. Then the 
animals vere given subcutaneous injection of tubercle bazilli so}-rtion 
fc" lord by inhalation of air for 15 times. The animals were sxamined 
to determine the effect of the tubercle injection upon their body weight 
and lungs. 


Group 3: The animals were treated in the same manner -: 
as above except that after the injection of tubercle bacilli, silica 
dust sontaminatedtairime blown into the. test box ihatenad of air? 


Group 4: The animals were made to inhale silica dust 
particles every other day for 42 inhalations and then subcutaneous 
tubercule injections were given. After the injection, air alone 
was blorn in for 15 inhalations and the same examinations as before 
were conducted. 


Group 5: The animals were treated in the same manner as 
above except that silica dust contaminated air was inhaled in place of 
air after the injection of tubercle bacilli, 


3. Experimental Results: 


a. Effect of the Inhaled Silica Dust Particles and Tubercle 
Bacilli Injection upon the Weight of the Animals ~~ 


oe 


The animals were weighed weekly and the mean values, 
(in grams), are tabulated as follows: 
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With contimed inhalation of silica dust particles, the animals 
suffered ioss of veight for the first 2 weeks, but after that they 
graguslily regained their weight. The injection of tubercle bacilli 
solution decreased the reight of the animals, 
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b. Examination of the Lungs 


Group 1; The lungs were light brorn in color. The tissues 
vere hardened and revealed the presence of small bleeding bletches, both 
ner and old. Numerous pearl-like white granules were observed with un- 
aided eyes. Some localized tubercular colonies of infiltrated round cells 
were present in the neighborheod of the bronchi and blood vessels upon 
histological examination, The pulmonary alveolar septa was partially in- 
filtrated rith diffusive round cells and proliferated. The pulmonary alveoli 
were slightly dilnted, disintegrated, and fused with one another to become 
emphysematous and linked with one another to form networks. The bronchial 
epithelial cells rere proliferated to a pronounced extent or partially 
desquumated, Pronounced engorgement of the capillary blood vessels of the 
puimonary alveolar septa and bleeding of the interstitial substances rere 
often observed, On the alveolar septa and in the parts infiltrated vith 
lymphocells were found sporadic existence of silica dust cells, The 
connective tissues were proliferated in the colonies of the localized 
tubercular infiltrated round cells and also in the parts infiltrated with 
diffusive lymphocells. 


Group 2: The lungs of the animals of Group 2 appeared 
grayish-rhite in color, and showed sporadic existence of millet-sized 
tubercules, but no haemorrhagic blotches were detedted rhen macroscopice 
ally examined. The glands of the pulmonary hilus vere srollen to the size 
of sharp pen point. A small number of isolated peculiar tubercular 
colonies vere found present when histologically examined, Small number 
of diffusive round cells were found infiltrated around the bronchi, blood 
vessels, and in the pulmonary alveolar septa, The pulmonary alveoli vere 
clean and no emphysematous changes were detected, 


Group 3: Macroscopic examination of the lungs of the animals «~~ 
of Group 3 gave similar results as those of Group 1. Instead of the white 
pearl-like granules, greyish white millet-sized tubercles vere sporadically 
present, The glands of the pulmonary hilus vere swollen to the size of a 
pen point, The infiltration of the localized tubercular round cells was 
not so pronounced, but small colonies of isolated peculiar tubercular type 
were sporedically present vhen histologically examined. The pulmonary 
a'lveoler septa vere proliferated vith the infiltration of diffusive round 
cells ond were partially atelectasic and mostly emphysematous. The en- 
gorgemcnt of the capillary blood vessels and the haemorrhage of the intere 

s*sellular substances vere pronounced, The bronchial epithelial cells 
“were either considerably svollen %F desquamated. Sporadic presence of 
silica dust particles were detected, 


Group 4: The macroscopic examination of the lungs of animals 
in Group 4 were about the same as in Group 1. Hovever, the om-1l bleeding 
blotches present were oll old and no fresh ones were present. Whitish 
erswy tcbersles of millet size were sporadically present. The existence of 
the io-alized tubercular round cell infiltration was pronounced around 
the bicod vessels and the bronchi. The connective tissues vere also highly 
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proliferated. The same kind of pathological process, as occurred in 
Group 3, were also detected in Group 4, but in a slightly minor degree. 


Group 5: The macroscopic examination of the animals in Group 5 
vere about the same as in Group 4, but numerous smal] bleeding blotches, 
both nev and old, were sporadically present. The same pathological 
processes, as seen in Groups 3 and 4, were also detected to a more pro- 
nounced extent when histologically examined. 


4. Conclusions 


Summarizing the results of the experiments, the author came to 
the following conclusions: 


1. The silica dust particles inhaled by the animals specific- 
ally affected the lungs by giving rise to various pathological processes 
and the physical vitality of the animal vas affected by causing loss 
of weight or retarding the increase in weight. 


2. The subcutaneous injection of tubercle bacilli solution 
brings about tuberculosis and causes loss of weight, 


3, When silica dust particles are inhaled into the lungs which 
vere previously contaminated with tubercle bacilli, tuberculosis is 
ageravated and causes considerable loss in weight, 


4. If the animal contracted tuberculosis after continuous 
inhalation of silica dust particles, the pulmonary tuberculosis does 
not undergo any pronounced progress ner is any loss of weight incurred 
provided further inhalation of silica dust particles is not made, 


5. When continued inhalation of silica dust particles is 
folloved by contamination of tubercle bacilli and then the inhalation 
of the dust is resumed, the pulmonary tuberculosis undergoes a further 
marked development rith considerable loss of weight. 


6, The appearance of small bleeding blotches in the lungs and 
“he loss in weight as a result of the inhalation of silica dust partiéles 
weakened the vitality of the animal, Thus, it decreased the resistance 
ogainst diseases, both locally and generally, making it possible for 
tuberculosis to develop, or making it worse if tuberculosis «ready 
existed ° 
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DISCHARGING PROCESS AND THE EXPELLING VELOCITY 
OF INHALFD DUST IN THE TRACHFA 


By 


Seisaburo NAC/TANI, Department of Hygiene, 
Faculty of Medicine, Kyoto University, Kyoto 


ABSTRACT 
(Published in National Hygicne (Japan), 7, 436-454 (1932)) 
t, tion: 


In the past HASH (1925), HILL (1927), UMEDA (1929), etc. have 
conducted measurement on the dust velocity in the trachea due to ciliary 
motion, but certain physiological conditions and methods of conducting the 
experiment were not satisfactery, The author suggests that the trachea 
must be extracted from the body and kept at the proper body temperature of 
the test animal, The extracted trachea must be kept upright. The mueous 
membrane must be kept in a saturated state by periodically dipping the 
extracted trachea in Ringer's solution to prevent dehydration, The atmos- 
pheric air must be cirenlated over the surface to assimilate as nearly as 
possible the conditions in the human body. Vith this in mind, the author 
commenced the experimental studies on the extracted trachea of oxes. 


imenta 3 


Figure 1A shows a thermostat equipped vith an automatic thermo- 
controller and a thick glass front deor which has four holes, ¢c, to 
correspond with the side arm, ¢!, of the glass tube. The hole, k, 

(3 om diameter), on the top of the thermostat is closed with a stopper, 
k', rhich holds the air and gas tubes. Tro thermometers are .set in the 
thermostats; one at the top and the other at the bottom of the apparatus 
near the front door. Figure 1B shovs a glass tube 7 cm diameter and 

20 cm long vith the open end closed rith a cork stopper through which 

a thermometer and a glass tubing, g, are inserted. There are two 
projecting side arms, c', of 0.5 cm diameter on the side of glass tube, b. 
These holes are used for intaking or exhausting the air or gasses, for 
dipping the test piece into the Ringer's solution and for placing of the 
dust particles onto the extracted trachea suspended in the tube. 


ration for riment P : 


a, haterial: Trachea of the ox was extraeted within 24 hours 
after slaughtering and used after necessary preparations, 


b. Preparation of the Extracted Trachea: The mucous membrane of the 
trachon ras washed with Ringer's solution to remove the foreign matters. 
The material vas then cut lengthrise in strips 15 em wide and a paper 
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“pe 1 mm wide, which was marked at every centimeter, was fixed onto the 


center of the mucous membrane from tep to bottom as a marker. The trachea, 


thus prepared, vas suspended on a hook,h, in the glass tube, b, so that 
acproximately 1 em of the lover portion was dipped in the Ringer's solu- 
i‘on. The class tube was set in the thermostat maintained at 38°C for 
more than 1 hour. When the temperature reached 38°C in the tube, the 
glass tube, g, inserted through the stopper, d, was connected by rubber 
tubing te the corresponding tube, g, through stopper, ki The side arm 
projecting through the hole, c, was connected with a rubber tubing to a 
vacuum pump, 


Moist air at a velocity of 1 L/hr. ras admitted from the upper part 
of the glass tube, b, in which the extracted trachea was suspended and 
discharged from the lover hole of the tube, Dust particles (charcoal 
porder) were placed on the material from ‘he lower hole, c', The velocity 
of the ciliary motion of the extracted trachea vas measured by timing the 
dust particles to traverse a distance of 1 cm marked on the paper tape, 


c. Size of Dust Used: Ten samples of charcoal dust were prepared 
by shifting through Tyler's test sieves with equivalent mesh numbers 
325, 270, 230, 200, 170, 140, 120, 100, 70, 35 and 8, 


d. Ringer's Solution: Normal Ringer's solution (8:0 g NaCl, 
0.2 g CaCla, 0.2 g KCl and distilled H.0 to make 1 liter) prescribed 
by the Veterinary Section of Kyoto Prefectural Office vas used. 


e,. Temperature of the Mucous Membrane of the Trachea: 
The experiment was conducted after the atmosphere in the glass tube, b, 
and the thermostat reached equilibrium temperature, which is the same 
temperature as the extracted trachea, so that normal reaction of the e 
ciliary movement could be obtained 


The dust expelling velocity of extracted ox trachea due to the 
tracheol ciliary motion was measured by using charcoal dust powder rang- 
ing 0.074-0.088 mm in diameter (Mesh No, 5) at different time intervals, 
The results are tabulated in Table I, 
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TABLE I RELATIONSHIP BETTEFN DUST EXPELLING 
VELOCITY AND ELAPSE OF TIME 


Extracted | Dus* Expel-ing Velocity (mm/sec) of Extracted Trachea | 
Trachea After Flapse of Time 


‘Sampo Yo. [5 min, |1) ain. 130 min, |i hour|® bours|5 hours|10 hours|i5 hovrs 


T 10,833 ; 0.909 2.000 | 9.9091 0.909 19,909 10.909 | 0.83 3. I 
TTT 

V 

VI 


There is no appreciable decrease in the velocity of the ciliary action 
within 15 hours after slaughtering if the tsnohes is maintained in the thermo- 
stat at 38°C, 


2. The dust expelline velocity of different areas of the trachea was 
conducted by taking samples from knorn distances belor the glottal rim, As 


. Shown in Table II, the difference of velocity does not depend upon the diff 


erent surface areca of the trachea, 


TABIE II RELATIONSHIP BETYEEN THE DUST EXPELLING 
VELOCITY AND THE DIFFERENT SURFACE AREA OF THE TRACHEA, 


lExtracted Dust Expelling Velocity (mm/sec) of Extracted Trachea 


Trachea with respect to Samples Taken fron Known Distances 
Sample No below the Glottal Rim 
m 10 cm | 25 ¢m ‘tm | 20 em 25 om | 30 em 49 07 ~ 
32833 | 1.000! 0. aa tT 000 +_0.999 | 0,969 0,769 
Witieees «gS 0.768 [Ox v6] 0.607 9,714 10.667 [0.067 | 075% | 
III {0,714 |0.7i4 } 0,34 | 0,647 | 0. 0.625 | 0,025 | 0.667 | 0 .647 i 
TY {0.625 | 0.667 0.667 | povra o.82 ete 
110.625 10, 588 | 0.9551 0.629 4 0 0,55 . : 
C. gah 0,588 ; 23 0,526 | 0,555 | 0.526 


3, The dust expelling velocity depends upon the different parts ef the 
srachea, but no appreciable difference in the velocity was observed for the s 
came test pisca rith respect to the sigs of the dust particles, The results 
of the dust expelling velocity for 10 dust sizes upon 6 extracted trachea 
samples are tabulated in Table III. 
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TABLE III RELATIONSHIP BFTYFEM THE DUST EXPELLING 
VELOCITY AD THE SIZF OF THF DUST PARTICLES, 


{Size of| Dust Particles {Dust Expelling Velocity (mm/sec) of Extracted 
ae. é Diaaeter Size sraches from Various Areas 


= eee Te 0,62! 
a Babe a 208=0 . 0,067 | 


4. The dust expelling velocity was made with respect to shape, hardness 
srecific gravity of dust particles, such as cork, charcoal, coal, sand, glass, 
sinc, tren, brass, copper, and lead porders, The results are tabulated jn 
Table IV. The velocity of the dust particles depends upon the surface of 
the trachea *rom rhich the sample was taken but not uron the share, hardness 
and specific gravity of the dust. 


TABLF IY RELATIONSHIP BETVFFY THE DUST FE’ PEL’ ING 
VFLOCITY AMD THF SPECIFIC GRAVITY OF THE DUST PARTICLES. 


Type ef Past} Specific | Dust Exvelline Velocity (mm/sec) of Extracted 


Particles Gravity aos from Various Areas 
— at A 
ork powder | 0,22-0,26 Meee on 
dust ~0, — 0,769 an 765 0,588 
Coal dust r 20- 0.765 odes tose 
Fine Sand | 2,51-? 3 ci Os 
Powdered 
riass 66-7 .2 @.909 
Zine poyder 60-7,80 | 0.8 
Iron powder | &, 32 0,83 
Brass porder! 7,73-8.79 909 
pOV'C ©r 8,9 
Lead porder 111,43 0.909 


Conclusions: 
1. The dust evne’*ing velocity of various types of dust particles were 
measured on the extracted trachea of ox in an exrerimenta) apparatus thermo- 


statically maintained at 38°C, 
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2, The dust particles travelled vertically at a constant velocity 
ve allel rith the marker, 


3. Apparently no decrease in the dust exnelline velocity of the 
“net narticles ras observed with the excess amount of micus secreted 
by the mucous membrane, The different dust particles vere effectively 
wrapped by the mucus and transported towards the ton of the extracted 
trachea, 


4. The change in the dust exnelline velocity can not be abserved 
with freshly extracted trachea raintained at 38°C within the first 15 
hours, 


S, The difference in the dust erypelline velocity of dust particles 
at different parts of the extracted trachea can not be observed as far 
as the same test piece is concerned, 


4, No difference in the dust expelline velocity ean be observed 


with rerard to the vhysical proverties of dust, such as size, shape, 
hardness an? svecific gravity. 
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COMPARATIVE STUDY OF DUST 
EXPFLLING VFLOCITY OF TRACHEA OF VARTOUS 
SPFCIFS OF ANIMALS 
By 


Dr. Masanobu SAITO, Department of Hygiene, 
Faculty of Medicine, Kyoto University, Kyoto. 


ABSTRA 


(Published in National Hygiene (Japan), 9, 395-406 (19%4)) 


Introduction: 


, Many research reports have already ‘een published regarding 
the dust expelling action of the trachea due to the ciliary motion of 
of the respiratory tract in the animals, 


In experiments vith prisoner's bodies immediately after their 
execution, HFNKF (1896) discovered that coal dust attached to the tracheal 
mucuous membrane moved the width of the cartilage towards the larynx 
vithin 15 minutes, LOMMFL (190%) placed lycopocium on the tracheal 
mucuous membrane of the trachea extracted from a dog and measured the 
transitional and expelling velocity of the dust, which was found to be 
0,033-0.04 mm/sec, GFRHARD (1°09), in his experiment on the extracted 
trachea of a doe, determined the expelling velocity to be 0.4 mm/sec, 
with coal dust. HASCH (1925) injected a suspensiod of lycopodium stained 
with fuchsin into the smal] bronchus of dogs and measured the time re- 
quired for the susnensiod to reach the operated hole, The mean value 
of the expelling velocity was found to be 0,076 mm/sec, HILL (1928) 
stretched extracted pieces of tracheal mucuous membrane from various 
species of mammals on cork plates, which were warmed by immersion in 
Ringer's solution maintained at 38°C, and dropped a suspensiodal solution 


' of graphite or kaelin dust. The velocity of the particles vas found to 


be 0,3-0.16 mm/sec. UMFDA carried out a similar experiment to HILLts 

by using neat's trachea, not seperated from the cartilage, on an in- 
clined plane. The maximum velocity of 2,1 mm/sec. vas obtained at smal] 
angle of inclination. “AGATANT previously reported that the dust expell- 
ing velocity of extracted trachea was 0.7 mm/sec for neats, 0.4 mm/sec 

for dogs and 0,2 mm/see for rabbits, However, the report lacked physio- 
lovical eunsiderations and was not free from technical criticisms, Thus, 
the author made a comparative study of the dust expelling velocity of 

the trachea of warm blooded animals by using NAGATANI's improved apparatus 
and secured interesting results which are compiled in this paper. 


Test Material and Fxperimental Procedures: 


A, Animals used: The trachea of warm blooded animals, such as 
neats, horses, does, pirs, rabbits, monkeys, chickens, guinea pigs, and 
rats, rere submitted to the experiment within 24 hours after slaughtering. 
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b, Foreign matter: The foreign substance used in this experi- 
ment tas chiefly charcoal dust, which was sieved through Tyler's 
Nos, 325, 270, 200, 170, 140, 120, 100, 70, 35, and 18, classified into 
29 gredes of fineness, Dust particles sifted throuch sieve No. 140, 
size 0,074-0,088 mm dia,, was the most predominant size used. 


¢» Apparatus and Procedure: (Refer to NAGATANI, National Hygiene, 
7, 436-454 (1934)}. 


dad. Fxperimental Temperature: The temperature of the extracted 


trachea during the experiment was maintained at the average body temp- 
erature of the respective animals as shown in Table I, 


TABLE 7 EXPFRIMFNTAL TEMPERATURE 


| Temperature of Normal Body | 
Anima Experiment, °C Temperature, °C 
Neat 38 i 7 5-386 | 


oo om he ee 
Gat ee ee ee 
Guinea pis a 8-36 


[rRet EAR, ASN HOROMIA 


e, Conditions of Fxperimcnt: The experiment was conducted under 
saturated humidity and the dust expelling velocity was determined and - 
compared by measuring the time required to transport the dust particle 
1 em distance. 


Results of the Experiment: 


The results of the experiment are tabulated in Tables IT 
. (summary of 11 tables), ITI and IV. 
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TABLE IY DUST FXYPFLIING VFLOCITY 


Maximum and Minimum 
Time Required to : 
Transport Dust Part- Maximum and Mis.imum 
Srceies jicles 1 em Distance Velocity, (mm/sec) 
sec. 
Noats 10+20 006-0500 
Horses 10:20 i 000 -0, 500 
Pigs eOwat 0,2660,200 
Dogs Be 0528-0426 
a 2¢°57 J 2370 -0.1'7 
EC Monteve €vs D4, “oy 6406-20 370 
Rats. 23-37 0.454-0,.272 
Turkeys 18-36 _.0,555-0,.27 
Chickene _ 132 0.769-0,476 
Guinea pigs © 420 *- > ~ ai 
Rats &=100 “eae 


TARLE TII RELATIONSHIP BETIV FEN DUST FYPFLLING VELOCITY 
AND ELAPSE OF TIME 


(Animal Dust Fxpelling Velo ocity, mm/sec with Flapse of Time 
|. Species min, | 10 min QO mir. hour {2 hou¥s_ |3 hours |6 hours | 
3 0.83: 0.749 |. 0,833... 0.769 
0.506, | 0,500 | 0,526 | 0,500} 0,500 
EE WEE 
0 3 
| 0,370 | 0.1 0a 970 
Ee 
a eke Re Ha 
“invite cache eae ee ee WIE ee 
Gutace pies ‘ ek BA ee ER Be RE 


* Required 1 to 2 minutes for dust particles to move 1 cm, 
* Required over 2 minutes for dust particles to move 1 cm, 
« Cessation of movement, 


Notes: 
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The conclusions obtained from the results are as see 


a. The dust expelling velocity of extracted trachea veries 
in the cifferent specits of animals. The velocity was the greatest. as 
in the case of neats and horses and cecreased in the following orders ~*~ 
chickens, rabbits, dogs, turkeys, monkeys, cats, pigs, rats end 
puinea rigs. The deta in Table II discloses that the larger trachea 
has groster expelling velocity, and that animals vith long traches, 
such as fowls, have comparatively large cust expelling velocity. 
This difference in the velocity is probably cue to the difference 
jin the length of the tracheal cilia and slso by the influence exerted 
by the mucus. 


b. By placing the tracheal specimens in a thermostat for a 
meesurec length of time in advance of the experinuent, it ..es proved 
t.at the degree of reterdation in the cust cxpelling velocity cue 
te the elapsing of timc verics .ith the vite.ity ner) enc 
Curability of the epithelial cells in the res;iratory (.<t o. we 
PERPRETL YS animals. 


Ce st size of the cust rerticles ves escortainec to have | : 
gome influence vyon the dust expelling velocity, though ths ¢cgree i 
of a ania vas not the same emong the various specics of animals. 
In the case of horses end neats, the siz of the dust particl.s had = 
no infivenc. on the dust cxpelling velocity; while cust perticlos 
ereetor than 0,99 mm diameter could not be expelled in tho pies, 
enc those lerger than 0.205 mm diametcr could not be transported by 
the cilie. (Refer to Table IV). 


It is casily expectec that the expelling velocity of cust 
particles in living animels is fer more active, but there are no 
exporincntal methoe for :ts dcterminetion, However, this expcriment 
with the extracted trachea suggests thet the dust expclling ebility ef — 
the living animels varies depending upon the speeics of enimals. pe 
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INFLUENCE OF VARIOUS PHYSICO- 
CHEMICAL CONDITIONS UPON DUST EXPELLING 
FUNCTION OF TRACHEA 


By 


Seisaburo NAGATANTI 
Department of Hygiene, Faculty of Medicine, 
Kyoto University, Kyoto 


a: 


ABSTRACT 
(Published in National Hygiene, 7, 645-714 (1932) 


A, INTRODUCTION: The author previously reported (National Hygiene, Vol 7, 
pg 436) regarding the dust expelling velocity of an extracted neat trachea 


and the relationship between the velocity and the size, shape, hardness and — 


specific gravity of the dust, The influence of various physico-chemical ” 

conditions on the dust expelling function of the trachea was conducted and 
reported in this paper, not only from the interest of physiological stand- 
point but also for the improvement of prophylactic as well as iia i 

measures of the respiratory diseases, 


B, INFLUENCE OF TEMPERATURE UPON THE DUST EXPELLING ACTION OF THE TRACHEA 


Experimental Procedure: Neat trachea, treated as previously reported, 
were hung in a glass cylinder which wes placed in a thermostat after it was 


cooled at 50°C for an hour, The temperature of the thermostat was raised 


to 10, 15, 20, 25, 30, 38, 40, 42, and 45°C respectively. At each tempera- 


ture the dust expelling velocity was measured by using charcoal dust, 
0,074-0.088 mm in diameter, as the foreign substance, 


Results of Experiment: The data obtained from the experiment are 
tabulated in Table I and II. 


Conclusions: 


1, The dust expelling velocity of an extracted neat's trachea is 
most active and endurable at 38°C (average body temperature) under saturated 
humidity, The velocity is more pronouncedly decreased when the temperature 
rises above this point than when it falls below this point. In other words, 
the dust expelling ability of the extracted trachea is more easily affected 
and deteriorated by the ascent of the temperature above 38°C than by its 
descent below this point, 


2, The velocity decreasing ratio per 1°C is greater above 38°C than 
below this temperature, 


Incl @, Report TID, GHJ, FEC, APO 500, subject: "Locus of tapactins of 


Particulates," dtd 15 Dec 48° 


\ 


| 


3. The dust expelling action is suspended if the temperature is 
higher than 45°C or lower than 10°C, The dust expelling ability, thus 
suspended, can be revived, if the suspension is due to the fall of tem- ia 
perature from 10°C by raising the temperature, But if the expelling abi- 
lity is suspended due to the rise of temperature beyond 45°C, the once che 
lost ability could not be regained even if the trachea is cooled to dts. oe 
original tempereture. Therefore, the suspension of expelling action due 
to the high temperature is caused by death of the ciliary cells, : 


.C. INFLUENCE OF MEMBRANE HUMIDITY UPON THE DUST EXPELLING ACTION OF THE ee 
TRACHEA. An 


Since there are no previous records concerning the investigation of 
the relationship between the dust expelling action of the trachea and the. 
humidity of the tracheal mucous membrane, the author conducted the follow. ci 
ing experiment, ee 


Experimental’ Procedure: In order to vary the humidity of the mucous 
membrane in the trachea, the extracted trachea were exposed to air of 
different moisture content after treatment in Ringer's solution, The | ne 
three types of air current were as follows: (1) dry air (dried over CaCl 
and conc, H250), ); (2) normal laboratory air; and (3) damp air. Each type 
of air est was introduced into a glass cylinder in which the extracted ane 
tracheal membrane was supported over a small quantity of Ringer's solution 
at the bottom. The humidity in the cylinder was measured with the wet and 
dry hygrometer after the air current was introduced into the cylinder for 
an hour, During the experiment, the velocity of the air current was con- 
trolled at 1 liter/min by means of a gasmeter. The observation and measure~ 


ment of the dust expelling action was conducted for an hour (to obtain an 
ayerage value) by using charcoal dust, 0,074-0,088 mm diameter, as the | 
foreign substance. Desir! 


Results of the Experiment: The results are tabulated in Table III. 


The figures in parenthesis indicate the relative value of the respective 
velocities based upon the velocity measured before the introduction of the | 
wet or dry air current to be 100. | “a 


Conclusions: The dust expelling ability was most effectively main-= 
tained in wet air and rapidly weakened in dry air. This fact indicates 
that the dust expelling action was. performed by the mucous flow and that 
any excessive mucous which covered the cilia and the epithelial cells 
served not only to prevent it from becoming dry but also protection against 
irritations, Furthermore, it was disclosed that the expelling velocity is 
temporarily accelerated when the membrane is exposed to the air current. 
However, it is not clear as to whether this acceleration or revival was 
due to the chemical reaction of oxygen er carbon dioxide gas in the air 
or by the mechanical stimulation of the air current, 


2 : 
Incl 8, Repert TID, GHQ, FEC, APO 500, subject: “Locus of Impaction of 


Particulates," dtd 15 Dec 48 


‘Beperin imental]. -Progaduree: 
‘prepared for’ the exper iment by varying the common salt aasantia! or 


trachea which had been ect in the air current of saturated ae 
perature of 38°C and i moistened periodically with a eee solution, Tt 


upon the mucous membrane of the trachea and the dust expelling velo 
; was measured repeatedly to secure an average value, The treatment of 
y trachea with special Ringer's solution was made by spraying with an in- 

jecton for three minutes, After observing the dust expelling veloci 7 
an hour, the trachea was washed several times with Ringer's solution a 
its dust expelling velocity was examined for an hour to determine e 

toration power, 


Results of the Experiment: ae 
1. The effect of Seto Ringer's solution ie go by pee 


— ee ee ee a ee ae 


ee ee, Oe 


respective velocity prior to the application of special Ringer's < 


| 


> te 


¢, The hours or minutes iia in the last column indicates 
time which us saa after the restoration process, 


& ¢ 


io 


, Report TID, GHQ, FEC, APO 500, aie: "Locus of igs 
dtd’ 5 Dec We | | 


es The effect of Special Ringer's solution prepared by mixthe gh 
are tabulated in Table V, The experiments were performed ma using 5 


OS iitek respectively, When the concentration of glucose was either 
ov 5%, the trachea was moistened at intervals of an hour with glucose 
solution for 5 hours, the trachea was then washed with normal Ringer's 
solution and the restoration change in the expelling ability was subseque 
ly observed, When the concentration was either 10 or 25%; the special. 
Solution was applied for an hour then the restoration process observed for 
an hour. ea 


ae Ss) effect, of basic and acidic Ringer's solution on the dust 
expelling WERT are tabulated in Tables Vi, Vit ang. Valis 


Pcctiat cnt By comparing the effects of various kinds of specie 
Ringer's solution, the author obtained the following conclusions: Alk 
exert greater influence than acids on the dust expelling action of neat 
trachea, as shown in Table IX, Sodium bicarbonate which is far weaker in 
alkalinity than sodium hydroxide gives a more pronounced expelling effec 
than hydrochluric acid, if the comparison is made under appropriate con— 
sideration of their degree of ionization, 


E, INFLUENCE OF VARIOUS CHEMICALS UPON DUST EXPELLING VELOCITY Uri, THE 
TRACHEA. 


~ 


The author attempted to make clear the infinehes of adrenalin, a 


malin, cetone, creosote, camphor and menthol on the dust expelling ye 
city of the trachea extracted from neats by using Ringer's solution o 
chemicals in various concentrations, f 

Experimental Procedures: The chemicals used in this experiment were | 
Merck products of reagent quality. Each of these chemicals were dissolved 
and mixed witn Ringer's solution, Each solution (38°C) was applied fo aye 
3 minutes to the extracted trachea which was kept at 38°C and under moistur 
saturated air current with its lower end dipped in Ringer's solution, 


OL mon ol Lat rallel to the trachea.in. the cylinder, The author discri = 
“nated < ween the two cases by calling the former to be und r vapor curre 
and. the latter to be in vapor atmosphere. 


4 


) 


Results of the Experiment: The results of the experiment are tabulate 
in Tables %, XI, X11, XIII, ea 8 XV, XVI, XVII, XVIII, XIX, XX, and XXI, 


faastuelone: The author reached the following conclusions after 


surveying the results of the experiments, 


} 


a, Influence of chemical upon the original dust expelling velocity | oa ie 


was as follows: 2) ers 
(1) No fe hiuehan was observable when the applied chemical was 


(2) 


(3) 


b, The influence of the chemicals on the restoration of dust oxpeltiag 4 
ability once interrupted was as follows; _ eee 


(1) 


(2) 


| Incl 8, Report TID, GHQ, FEC, APO me subject: "Locus of Impaction of — 
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either of the following: 0.1% adrenalin, 0.54 morphine 
hydrochloride, 0.1% cocaine hydrochloride, 0,00001% ammonia — 


and 0,3% acetone solution, 


Only retarding effect was observed when the chemical was 
either of the following: 0.01-0.5% atrophine sulfate, ee 
0.1-0.5% physostigmine salicylate, 5% morphine hydrochloride, 
10% cocaine hydrochloride, 0,00005-0,001% ammonia, 0,001% oe 
formalin, 5-10% acetone, 0,1 and 0,5% creosote, saturated — : 
solution of camphor and its 0.5, 0.3 and 0.2 dilutions, 108 
camphor-oi1 saturated menthol: solution. 


The valscaty was accelerated at first and then slowed down ene 
by the following chemicals: 1% and 3% morphine hydrochloride, 
0.3-5% cocaine hydrochloride, 0,.00003% ammonia, 0,0001-0. conse 
formalin solutien, 1-3% acetone, 0.5, 0.2 and 0,1 dilution a ; 
menthol solutions, | 


The ability for restoration was most pronounced when the ~ 
applied chemicals was either of the following: 0.01-0.5% © a 
atropine sulfate, 0,1-0.5% physostigmine salicylate,: 1-32 o. 
morphine hydrochloride, 0,3-1% cocaine hydrochloride, ps 
C,00003~0,00005% ammonia, 0,0001% formalin, 0.01-0.1% creosote, 
0.3, 02, and 0,1 dilution of saturated camphor solution, 
0.5 and 0,1 dilution of saturated menthol solution. eee 


The restoration was difficult when the chemical was either seas 
of the following: 5% morphine sulfate, 3-10% cocaine hydro- 
chloride, 0.0001-0,001% ammonia, 0,0003-0.001% formalin, ae 

3-10% acetone, 0,3-0.5% creosote, saturated camphor solution, a 
10% ies cok pace oil, oe 
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 COMPLR/TIVE. STUDY OF DUST EXPFLLING 
VELOGTTY Th TRACHFA OF ANIMALS OF VARIOUS AGES 
By | 


Dr. Mas,nobu SAITO, Department oft Hygiene, 
Faculty of Medicine, Kyoto University, Kyoto. 


ABSTRACT 
(Published in National Hypiene (Japan), 9, 407-414 (1934)) 


Introduction: 


Dust expelling velocity experiments in the past vere alvays 
perferned by using adult animals and not infant animals, The author 
has carried out the experinont with extracted trachea of younger 
animals as woll as those of adult ahimals to ascertain if the degree of 
maturencss has any influence upon the dust expelling velocity. 


Test Materials ond ririontal Pro : 


Fresh trachea extracted from rabbits and dogs were mounted on 
cork plates (10 cm long, 5 em wide, and 1.5 em thick) rith pins and suse 
pended in a glass cylinder thermostatically maintained at 39°C, The 
dust particles and the experinental technics used in the experiment vere 
the same as explained in the previous report (SAITO, National Hygiene 
(Japan), 9, 395-406 (1934)) 


Experivental Results: 
Experimental results are tabulated in Tables I, II, III, and IV, 


TABLF I DUST FXPELLING VFLOCITY OF FXTRACTED 
TRACHFA, RABBITS AND DOGS 


a | Time Required for Dust Particles to be 
. a Transported 1 om Distance, sec 
Mpostes of | kgs, Bee Extracted Trachea Test Piece Number ; 
—tninel | Months 1 WE A we xi IV; V Mean Valu 
janeboits _- as i OS a | p22 TN S18, CANE MR 5 3 A 5 


) i eB ee 
| ot ee FL A RE) 


annette 


Tacl 8, Report, TID, GHQ, FEC, APO 500, Subject: "Locus of Impaction 
ot Particulates", dated 15 Dee 4&, 


TARLE TI RELATIONSHIP RET! FFY DUST EYPFLI ING 
VELOCITY AND FLAPSF OF TIMP, RARBITS 


Test Fiece of ‘| Dust Fxpelline Velocity Fxpressed in Time (sec 
‘Extracted | to Transport Dust Particle 1 cm Distance after 
‘Trechea, |_Irdicated Flapse of Time 
‘Number of 1 hour{2 hours 13 hours] 6 hours | 
Months afte:x 


1 - ay 
Seu 
ae a a ® Soe 


5 | | 
6 23 24, 24, = i 
i ome 
NOTES: * indicates 1 ~ 2 minutes. 
_* indicates over 2 minutes. 
- indicates cessation of movement. ‘ 


TASLF III RELATIONSHIP BETVEEN DUST EXPELLING VELOCITY 
AND THE SIZE OF THE TRACHEA 
| doproxinate ' Approximate 
saomehiel of | Distance from 
y 
i 


Dust Fxpelling Velocity Fxpressed in 
Time (sec) to transport Dust Particles 
1 cm Distance for Extracted Trachea 


Teachea at its | glettis ervei-+ 


H 
glottiseerwei- tdrer to of Rabbits by Samples 
wearer, CH Brenchial by 2 3 4 5 
roa ,. dunction, om 


me ener fe 


a at 5 Ju 110 120 170 120 | 
91 


ee aces oe : 
(i eS 4 | 
1 06-0.7 _ Sy; : 


ra ~5 50 ) 

Bi6s.' 8 5-6 40 32 | 
| cana be7 25 a6 A! ee 
ae 7-9 : 2 | 23 | 23 sake ; 5 


rit’, Report TIL,CHQ, FEC, APO 500, Subject: "Locus of Impactiom of 
be ~ticulates", dated 15 Dec 48 


T/FIT IV RFLATIONSHIP BFT’ EFI DUST FYPELTING VELOCITY AND 
SIZE OF DUST PARTICLES IN, RABBITS. 


Size of Dust Particles 


Dust Fxpelling Velocity expressed in Time 
(see) to Transport Dust Particles 1 em 
Maximum and Min-| Distance for Fxtracted Trachea of Rabbits 
ieve '4imum Diameter, _by Age 

ce oe eeu) 
nanth : months | months| months} months | months 


0,074~0,088 2h 
0,088-0.108 

0,108-0.147 
0.147-0.208 . nen ate 

NOES:  * indicates 1 - 2 minutes, 


* indicates over 2 minutes. We 
- indicates cessation of movement. sua 


Conclusions: 


The dust expelling velocity in infant animals are very slow 
“4 comparison vith adult animals as shovn in Table I, 


The dogree of retardation in the dust expelling velocity cue to 
tne elapsing of time varices upon the matureness of the animals; i.e. the 
younger animals have shorter perioe during rhich the extracted trachea 
+.3 aole to expe)l the cust particles, as shovn in Table ids 


It was revenlec, as shown in Table ITI, that among same species 
of seainels of equal maturencss, the dust expelling velocity became slower 
as the size of the trachea became smaller, 


Through the author's exveriment in which adult rabbits as well 
as infant rabbits ‘ere mace to inhale charcoal cust particles of various 
izes (see Table IV), it ras shotn that in the case of the infant rabbits, 
3 


"nel 8, Renort, TID, GEQ, FEC, APO 500, Subject: "Locus of Impaction 
hoe otet es" dated 15 Deq 48 


£ 
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normal inhalation, 
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PATHOTOGICAL CPAPCES OF TIE MUCOUS MEMPRATE OF TRACFEA 
FY COPTOUTOS INBALATTOY OF VARIONS PCTSONOVS GASES 
AID THEIR REIATIONSHIP WITF FOREIGY PODY EXPULSTOr 

ACT TOY 


By 
Kazuo TAKEUCHI ard Minoru YAMAGIBASFI 


Hygienic Lahorator~, Faculty of Medicire, Kyoto University 


ABSTRACT 
(Published in National Hveiene (Japan), II, 1447-1462 (1935)) 
1. INTRODUCTION 


The development of chemic2) industries has beeome a hazardous problem 
: since various ailmerts are being caused by poisorors vsaces which are gen= 
. erated ir various types of factories in the corse of their oneration,. 
As a resu}t, some valuable studies have beer conducted by our predecessors 
on the poisorirg action of poisonovs inorganic gases, such as su)phur . 
dioxide, hydrogen sulfide, ard carton disulfide, which are. widely sed: 
in industries closely related with our Jife. Few reports are yet avai'- 
able except for those by FAGATANI, SAITO ard TAKEUGHI of this laboratory 
and LOMMFL on the expulsior action of foreigr bodies from the trachea. 


SATTO (National Hygiene (Japan), 10, 473 {1934)) Fas e#enducted re- 
search with resard to the creecking action of poisonous gases by studying 
the dust expulsion action of extracted tracrea. The purpose was to . 
discover wrether or not a habituation process develons or tre part of the 
trachea or not. The results revealed trat the trachea developed its 
tolerance cornaratively well against sulrbur dioxide, but ro sueh 
habituation agairst hdrogen sulfide and carron disulfide. A patto- 
histological examiration of the mucous membranes of tre tracrea and the 
observation of the sneed of foreion body expulsion action were carried 
out in order to obtain some reliable data on the develornmert of its 
tolerance, When rabhits inhaled vapors of sulfurous acid, nitrors acid, 
hydroger. suldide and carhon disulfide, retardation or suspension of the 
foreigr body expulsion actior were observed and the developmrert of tolerance 
with the inereasing concentration and interval of application were noted, 
The order of decreasing reaction were as follows: sulfur dioxide, nitrous 
acid, hydrogen sulfide, hydroctloric acid, and carbon disulfide, 


Aecording to TERAMOTO (J, Aichi Medical Association (Japan) 4 
guinea pigs showed pathological changes such as desquamation of 4 
epitrelial cells, various types of involutiona] degererations, partial 
extinguistmert 6f the epitrelium, etc, on tre mucous membrares in the vpper 
port of their trachea and round cel) infiltration, dilation and inflammation 
of blood vessels, death of some gland ce)ls, formation of vesicles, etc. 
in the sub-mucous membrane tissues when car*on disulfide and sulfur 
dioxide were irhaled, 


Incl 4, Report TID, Go, FEC, APO 500, mangerts "Locus of Impaction of 
Particulates," dtd 15 Dec 48 


£72), 


ae By 


RUPE ease 2 4, 


Ree 


_ NAGATTAYI (Yational Hygiene (Japan), 7, No. 9) sprayed sulfurous sist, : 
hydvogen suldide and hydrochloric acid vapors on tre extracted windpipe | “ph 
of oves and examined its action. The expulsory functior of the windpipe — 
ceased in 1-2 minutes even wit! dilute corcertratior of tre aci*s, 


2. MATE 


A certain number of rab’its were put into severa] chambers, each 
containing different concertrations of sulfur dioxide, hydroger su’fide,or — 
carbon disulfide, for one fovrr each day for a period of a montlt. Then, they 
were killed and the foreign body expu’sion action of the trachea and its 
histological changes were investigated by extracting tleir windpines. 


a. Test Animals: Two healthy rabbits, eac! about 2 kg weieht, were 
used for eack gas, Tre rabbits were fed fresh hean-curd refuse. ‘f evi- 
dences of ailments appeared, the rab’ its were taken out of the exneriment, — 


bs Apparatus Used in the Exnerimert: Oblong toxes, 41 to 53 liter 
capacity, equiped with a plass observatior window on one side ard an aire ie 


ticht door with gum packing in tte cetling were used, The exneriment was | 
commenced after chericals. had completely volatized a and permeated tre boxes 
whicl was laced in a trerrostatie cramber maintained at 1%-200C, 2 


c. Chemicals Used in the Experimert: Saturated aqueovs solutions of 
sulfur dioxide ard tydroger sulfide, fresrly obtained form the Jocal factory 
were used, Carbon disulfide wis Merck's nroduct,. | 


d. Concertration of the Vapor: At first, vapors of Jow corcertration 


were given to the test animals for a certain number of hovrs a day ard 
continued for several days. ‘When no pronounced effects were observed, the 
concertration of tre vavor wis cradually inereased, Details are tatulated 


in Table ° 
e, Method of Measvring the Forcign Pody Expulsion Action: When the 


test animal !ad inhaled tre gases for one-hour per day for 30 days, treir 
windpipcs were extracted as promptly as possible and put into a thermo« 
static avparatus maintiined at 390C by employing tre same experimertal 
apparatus and metrod as FACATA"YI's, The foreign body expulsion rate war 
measured by vsing grains of earbor powder rangine in size from 0,074 

to © e088 MMs 


f. Method of Preparirg Specimers: The windpines were placed in ortho 
solution from one to two days, wasted with water for about tre same period 


and dehydrated, Trer, trey were cut into continuous sections according 
to the Colloidin Wrapping Method and tlhe snecimer were staired with. 
heomatoxy)] ir-cosin dye for microscoric examinations. 


2 
cl 4, Report TID, GHQ, FXC, APO 500, subjects “Locus of Impaction of 
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TABLE I EFFECT OF POISONOUS GASES. } 
| 7 Sulfurous Acid Hydrogen Sulfide | Carbon Disulfide | 
Vum= jAmount:|Gas Conc! Weight jAmount}|Gas Conc- : : 
ther | Ifsed,jentratior of | Used,jentration ‘ 
iof ec mg/L | Animal] ce 
Days | | ke 


TF 2.1 
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Sulfir Aioxide:. Soon aPtes | the bevtantee of the exnerimert, Animals 
Numbers 1 and 2 closed their eves, s!ed tears and a~peared to be in panic, 
unrest, rubbing their. faces, especially around treir mouths with their p 
When 10«20 thinutes had. passed, they squatted down in a corner of the boxe 
After 30-40 minutes their breatring rate began to ircrease, and at tines, 
they had difficulties, “hen the rabbits were returned to their basket, 
they sat quietly in a corner for a short period and regainde their normal 
conditions in about 20 to 30 minutes, Toward the end of the exper dnenity. . 
the rabbits showed marked decresse in weight, see Table I. 


Hydroper sulfide: Animals timbers 3 and 4 behaved very similar to 
those in the sulfur dioxide exnerimert for the first few minutes, After 
10+20 minutes, the animais squatted in a corner of the hox and commenced | 
profuse secretions from their movths and nostrils. The rate of hreath- 
ine beran to inerease in the early stages of the experimert, but no diffi- — 
culties were noted, When the concentration of the gas was increased Tok: 
3.8 to 4.6 mes on the sixteenth day, bot rab-its closcd their eves 
and beran sredding tears upor beginning of the cxperimert, Soon there= 
after, pani¢e ard pain appeared to have seized them; profuse secretions 
hogan to coke from their mouths and nostrils accompanied by increased 
rote of breathins, After 30-40 minutes of pain, they sudderly tecan to 

: toss about for a stort time and collapsed. Their rate of preathine was 

markedly irercased and developed into 2 serious condition so that tre 

exporimert was reduced to 54 minutes instead of ar honr, Rabbits re-+ 

; quired a longer period in whic! to revert to norm] conditions. No | 
noticea*le decrease was observed ir their appetite tkrovghout the course 
of tre experirert. 


Carton disulfide: Five to seven minutes after the beginning of tre 
experimert, animals #5 and “6 closed treir eyes and commerced steddirg 
tears, Their breathing became difficult ard showed signs of panic. After | 
| 20~30 minutes the rate of breathing inereased from 7.1 to 9.5 mg/L. on the 

sixteenth day, they showed no serious symptoms for two or trree days. 
Four days later, they suddenly s! owed marked difficulty in breathing after — 
30-40 minutes by tossing around in a vory weak manner, Therefore, the 
experiment was terminated sei 50 minutes duration inatead of in hour, 
The animals rocain health wit. in. reasonable time, For the initial 4-6 _ 
days of the experiment, tie aninals stowed poor appetite, but they ree 
turned to normal thereafter. 3 


iit ate 


«Foreign Body Expulsion Speed of Windpine: The results of the 
; foreign hody cxpulsion speed and tre state of rvcovery after inhaling 


' poisonous gases for 1 hour a day for a pericd of 30 days are tabulated 


: in Zabic ii, 
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hes Anatomical Observations: 


Sulfur dioxide}: Animal numbers 1 and 2 showed a remarkable 
ssmotoms of irritation and inflammation on the mucous membrares of the 
tirdpipes. The lungs were slightly dark red, while the livers and the 
spleens showed no cranges, 


“ydrogen sulfide: Animal @umbers 3 and 4 showed pronounced ae 
symptoms of irritation on tre mucous membranes of their trachea, In the. 
lower and certral lobe of animal number 3's left lung were found images 
of catarrhalic pneumonia. No patholorical changes sve} as the congestion 
or swelling of tre spleens and livers were detected. 
Carbon disulfider Animal Numbers 5 and 6 stowed a pronounced a 
‘bleeding and secretion ir the mucous membranes of their windpipes, Both | 
lungs of the animals were dark.red and showed symptoms of hemorrahagic 
pneumonis, Mo abnormal changes were observed in their livers and spleens. — 


d,. Histological and Pathological Ohservations: The histological and 
pathological observations for each test animal were as follows: 

Animal No. 1: Tre ciliated columnar epitheliums of tre mucous ~ 
membranes of the trachea were found somewrat shortened witr the surface 
layer cells heing dearranred to a great extent or desquamated, Some 
vesicles and encysted tumours were also found in the epitrelial layers, 
Marked proliferations of the connective tissues accompanied bv pronounced 
round cell infiltrations were observed in the tissues of the epitrelial 

layers, The blood vessels stowed a sligrt dilation and convestion, while | 

: tre glandwelis were found obsevred and stained with pus at some spots. 

) No cranges were otrerwise detected in the cartilaginous tissues and other 
parts. 


Animal No, 2: The epitteliums of tre mucous memhrares of the 
| trachea stowed a pronounced degereration, desquamation and flattening of 
| the surface layer cells, Few vesicles were found in the layer, Comparae 
tively dense rounded celled infiltratiors were observed in t'e layer, 
while tre blood vessels showed only a sligkt dilation and conzestion, 


Animal No,3: The surfacé layer cells of the cilliated columnar. 
epitrelium of the mucous membrane of the trachea were considerably desgua= 
mated so that the surface layer was deformed into a flat epithelium at _ 
various spots like scattered islands with some of them occupying 4 large 
area. Many vesicles and encysted tumors containing 1 water-like fluid 
were formece in the epithelial layer making it tough and coarse, The 

connective tissues showed 2 marked inercase in the number of proliferations 
_ - aeeompanied by a pronounced round celled infiltrations, Dilation and 

: inflammation of the blood vessels was comparatively slight, though the 

_ walls were swollen to some dogree, The gland tissues showed a contractive 
_ deveneration and some of the gland cells were transformed into vesicles 

or completely collapsed. Wo changes were observed in the cartilaginous 
tissues and other parts. 
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; Animal Nos 4¢ All the. bovatons were more of less similar to 
these with |nimal Mo. 3, execpt that the gland cells were infected with 


-DUBe 


Animal No. 5; The cilitated columnar epitheliums of the mucous 
oe 'rane cf the trachea were swollen and infected, The locally peeing 
desquamatcd or flattened, Symptoms of edema were observed in the con- 
nective tissues of the epithelium layer. Dilation and inflammation of the 
blood vessels were observed and trey were accompanied by a slight bleeding 


_ 4% some spots. Roundcell infiltration was found in the tissues around the | 


blood infected with pus, while others wére found either forming vesicles 
or hiving damaged nuclei. Wo pathological chinges were observed in the 
cartilaginous tissues. . 


Animal Mo. 6: The pathological changes were somewhat bigs : 
version of those observed in Animal Mo. 5, 


The patholesicsl changes commonly observed in tre mucous membrane 
of the three cnzses are as follows: (1) the degeneration, desquamation 
and flattering cf the surface cells, and the formation of vesicles and 
cerebral vesicles in the columnar epitheliums. (2) roundee}1 infiltration, 
infection of the gland eclls with pus, and the formation and collapse of 
the vesicles in the layer -roper, 


Tre, flattening of the cilitated columnar epitrelium membrares are 
considered to be mainly due to chemical stimulations by poisonous gases 


$ 


and a catarrhal, ar inflammatory irritation caused hy the said stimulation, 


whose combined cffects degenerate and desquamate the epithelial cells, ; 


The formation of vesicles and cerebral vesicles are also due to the 
cherical stimulations of poisonous penses, It appears that when the 
epitholial ceils are degenerated and collapsed by intaled gases, the 


affected spots are invaded by many migratory cells. Coupled witl the 


exucstica, these cells evertually form a mass which leads to the formation - 
of cexebral vesicles by oppressine the surrounding cells, . 
A. DIscussioys 

According to SAITO, as well as FLURY and ZERNIK, the foreign body 
expuision action of the trachea acquires a tolerance to 2 certain extent 
agicnst sulfurous acid, but no such habituation process takes place in 
the case of inhaling hydrogen sulfide, On the contrary, this experiment 
shoved an increase in sensitivity and the reaction was further strenge 
tt omed when carhon disulfide was used. The histological examinations 
revealed thas sulfur dioxide affected only the surface of the mucous 
mombranes, scarcely extending its influence into the deeper layers, while 
hydrorern sulfide and carbon disulfide affected not only tre surface but 
also the deeper lavers of tho membrane by causing degonerative contraction. 
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It is considered that sulfurous acid confines its influence only to 
within the surface layer wrere oxidation to sulfuric acid which irritates 
the laver tissues, takes place. Carbon disulfide and hydrogen sulfide, 
however, do not react in the same manner, They do not undergo any chemical 
cranees on the surface layer, but they penetrate decp into tre tissue, 

At the same time they adhere’ to or dissolve tre fat element in the mucous 
membrane tissues, Their effects sre cumulative and eradually causes 
contractive degeneration of the tracheal tissues, 
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EXPSROISNTAL CONTRIBUTION TO THE 
SiUDY OF PULMONAYY ANTHRACOSIS IN RABBITS 


By 
Kaneyoshi AXAZAKI and Fujio NITTONO 
Department of Patuology, Niigata Nedical College 


SES 
(ene ree erence 


(Published in the Transaction of the Society of Satnclenr, saree, i ous 
bylens) 33 (1941) ° 


1. Introduction: 


By examinations of the human bodies by autopsy and by the experimental 
researches on pneumoconiosis «ith animals, it nas beer made clear to some 
extent that the morphologiczl changes of the lungs caused by various hinds 
of pneumoconiosis differs according to the type cf dust inhsled, 


The fibrous changes of the lungs and their iynphatic nodules whisk are 
often witnessed in anthracosis are attrivutable to the existence of ihe 
quartz dusts. This is confirmed by the experinenval researches of ARNOLD, 
GROSS, and BORCHAED, who agree among themselves that the soot dust eventi- 
ally causes no proliferation of the connective tissues of the lungs. Such 
are the opinions of the predecessors, but in the authors opinion their 
experimental results are not conclusive because the experiments were con- 
ducted long enough to allow an adequate comparison with the human pneumo-. 
coniosis nor did they make a thorough morphological study of the subject 
fron tie svandpoint of the present advanced histology, Hence, furthei 
detailed research into the subject is necessary, 


Purthesmore, there are still a large number of unsolved probleis coa- 
cerning pnevmoconiosis and others on how dusts penetrate from the alveolar 
cavities into the lung interstices, and how the soots once deposited “n 
the interstices are transported to other parts, 


By commencing with these ideas, the authors resumed the research. 
project on anthracosis previously conducted and published in ZIAGLIn's 
treatise, on a long term experiment extending over a 2 year period by 
using rabbits. 


The authors were aware that the chemical composition of each soot dust, 


such as oil, charcoal, and several other coal soots, varied from one another 
according to the nature of the burnt materials. 
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&e  Mothod of Experiment: 


The test rabbits were placed for a period of 30 minutes every day in 
Oust filled caves specially cesigned for the purpose of inhaling finely 
nulverized soots, The soots used for this experiment were obtained by 
burning a mixed fuel of 3 parts xylol and 1 part turpentine oil, 


3. Results of the Experiment: 


a, The Recorcs of the Experiment, Macroscopic Examination of the 
Iuags and the Lymphatic Nodules of the Pulmonary Hilus: 


The duration of the experiment, weight of the animals (beginning 
and termination), and the macroscopical findings of both the lungs and the 
lymphatic nodules of the pulmonary hilus of all the test animals are 
Summarized and tabulated in Table I, 


Though the dusts were stirred vigorously and persistently every 
day, they did not seem to affect the growth of the test animals, but kept 
increasing in weight, Hence one may infer that the inhalation of soots 
does not exert any pronounced effects upon the growth of the rabbits. 
However, as reported by earlier researchers, many test animals easily died 
because of bronchial pneumonia complications, On the other hand, authors 
also noted that certain rabbits died without leaving any evidences of 
pneumonia complications, Jt is also evident from the accompanying table 
that the degree of soot deposition is not always co-extensive with the 
length of the experiment, although the whole group of rabbits were treated 
entirely under the identical conditions of dust concentration. These facts 


may possibly be accounted for by the individual differences of disposition 


among the animals, 


Further, it must be noted that the depostion of soots in the 
experimental rescarch apoears first and most pronounced in the peripheral 
parts of each lung lobes, especially in the surroundings of the pleural 
ribs and on the pleural diaphragns (Animal numbers 87, 88, 6, 81 and 6). 
Later, however, both upper lobes, especially both apexial areas of the 
lungs, became more likely places for the development of the experinental 
anthracosis (Animal Numbers 19 and 7), a fact which was not found in the 
case of human anthracosis (NITTONO), Such differences are apparently 
attributed to the differences in the intensity of the dust concentration 
between the human breathing and the test animal experiment, 
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bs, <«distological Bxaminations: 
(1) Examination of the Lungs: 
Bronchi 


None of the soot dusts inhaled seemed to have been received 
by the bronchial epitheliums or resorbed through the inter~ 
cellular lymphatic crevices of the bronchial wall, However, 
appreciablo amount of soots which were either ingested by 
the dust cells or mixed in a free state in the mucous mass 
were often found in the bronchial cavities, Anparently these 
soot dusts first penetrated into the alveolar cavities, then 
received by the alveolar epithelims, and finally discharged, 


Alveoli 


As repeatedly mentioned in our previous reports, the soots 
found in the alveolar cavities existed either in a free state 
or ingestec by the opitheliums which were either stuck fast 
to the alvcoler wall or freed therefrom into the alveolar 
cavities, In this case the free dust cells were always 

found to have ingested more soots than the cells stuck to 

the walls, ‘Such scattered soot ingested cells (soot cells) 
were found to be disseminated all over the lungs in all cascs 
exfuuinecd regardless of the length of the experinucnt, “that 

is more noteworthy, however, was the collection of the intra- 
cellular end cxtracellular soot dusts in some of the adjacent 
alveoli, This fact was noted and reported earlier by many 
researchers, but no attempts have been made by them to explore 
the exact histological image and the nature of this remarkable 
soot deposition, 


For these reasons, the authors set out to make a thorough 
study of the fects found concerning the soot deposition. In 
the case of the 16 day inhalation test (Animal No, 86) the 
alveoli were found full of soots, Presumably part of such 
soot dusts wade a inass deposition suong the cells, but the 
authors wore yet unable to determine how much of it renained 
in the celis themselves, The neutrophile leucocytes were 
also found among the intra-alvoolar soot depositions. The 
alveolar-seota of the alveolar wells were always found ate- 
lectatically crumbled, though the interstitial connective 
tissucs were not yet proliferated, In the inner structure 
of such alveoli, the alveolar epitheliums were found appreci- 
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ably proliferated, even merged with one another to form a 
continuous epithelial arrangoment. It may also be pointed 
out that in the case under discussion (Animal No, 86) the 
bronchial pneumonia colonies that developed as complications 
showed pronounced glandular arrangement of pseudometaplastic 
alveolar epitheliums, However, the proliferated cpitheliums 
Showed no soot depositions, 


These cruinble alveolar epitheliums filled with soot dusts, 

as reported by G°0SS and BROCHiRD, were deposited in the 
iunediate suds-pleural, peri-bronchial or peri-vascular sec- 
tions, that is, in those parts which are more or less likely 
to be affected by the respiratory movement, but they were 

seen to be greduclly removed fron these tissue parts as was 
proven experimentally by the examinetion of the slide sections, 
Such charecteristic deposition of soot in some of the adjacent 
alveoli was observed in all cases examined except a few cases 
(Animal Numbers #3 and 81), 


The longer the experiment was continucd, the grexter became 
the atrophy of the soot choked alveoli and more inervased 
became the thickening of the alveolar walls (Animal Numbers 
19 and 7). The enormous thickening of the walls of such 
alveoli was brought about chiefly by the cellular hyperplasia. 
Besides the alveolar epitheliums, the proliferation of the 
spindle cclls of the histiocytes and connective tissucs by 
the infiltration of neutrophile leucocytes was observed. 


Although the epithelial proliferation was very distinct in 
the thickened parts of the well, the epithelial eclls seldom 
ingested soot dusts, Nowhere in those soot choked alveoli 
was eny sign of orgsnization processes, A fairly appreciable 
amount of soots as found imbedded in a free state in the 
tissue erevices or occasionally ingested by the roticular or 
connective tissuc cells, 


Interstices: 


Nothing conclusive can yet be said concerning the conditions 
under which the soot dusts passed from the alveolar cavitics 
into the interstices, But from the fact that the soot dusts 
were found doposited in the interstices of the alveolar wall 
and also of the veri-bronehial or veri-vascular tissucs, 
mostly in a free state in the tissuc crevices or lymphatic 
vessels, or clso ingested sparsely by the histiocytes, 
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fibroblasts or connective tissuc eclls, it ean be inferred 
that the soot dusts should be found in a fres state along the 
route of the lyiphatic circulation, The soot dust in tho 

froc state was found in the largest amount in the alveolar 
wall of the soot packed alveolar groups and in a lessor amount, 
Sonewnat sp.rscly, imbedded in the peri-bronchial or peri- 
vascular connective tissues, No appreciable fibrous and 
reticular roaction of the interstices against the intrusion of 
the soot dusts could bo detccted oxcept in the wills of the 
above mentioned ~lvysoli which wero distinctly filled and 
crumbled with tho penetrated soot dusts, where . slight 
latticed fivrous srowth and an initial minimal aggrogation of 
such fisers could be sem. Otherwise, no proliferation of the 
connective tissues attributabic to the prescnee of the soot 
dusts were observeble, 


The soot devxosition in the intra--pulmonary lymph-tic follicles 
presented the identicnal appearances to those seen in the 
cortic*1 nodules and in the surroundings of tho Lymphatic 
nodules of the pulmonary hilus, a subject to which we shall 
revert to later, 


How c7n this remarkable fnct of the settlement of soots in 
colonies acconmanied vy the thickening of the walls be ex- 
plrinca? Such alveolar groups were found localized often, if 
not riwnys, in tho lung sections where the agitation of their 
respiratory action, the sclf-purifying processes, was most 
likely to take place, the sub-pleura, peribronchial and peri- 
vascular parts, However, in oac instance the authors noted 
the cxistence of such ” colony which hrd in no wey eny immo- 
dinte conncction with the pleura, bronchi or blood vessels. 
Now, if some of these alvoolar cnvitios wore fully packed 
with numerous dust ccolls or free soot dusts, it should be 
difficult for the sclf-purifying action to take place because 
of the curtailed freedom of thc respiratory movement, If 
such were the erse, the soot dusts would romain in the alvo- 
olnr envitics as - sort of harmloss forcign substcnces, And 
if those foroign substances no longer need to be nurificd or 
resorb:d, then it is quite understandable thet they should 
tend to romain scttled or capsulsted, In tho some sense the 
soot p.ckod «Jvcoli tended to aggregrte in order to ombody 
the soot dusts as a sort of self-protcctive function of the 
lungs, It is 180 undoubtedly advintngeous that the wall of 
such alveoli should be .pprecinbly thickened so as to hindor 
the othertriso free respiratory action of tho alvooli. Such 
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thickencd walls .re composed of highly proliferated alvcolsr 
opitheliums, sporadic histiocytes, fibrebissts and reutrophile 
icucocytes, Tho somewhat vrometure aporarz.nes of ble proli- 
forated opitholiums witnessed in the erase of Animal Nuaber 86 
is casily understandable wien comparcd with the apporrunee of 
pneumonia colonics which brought abont by rho Jincar proli- 
foration of the alveolar epitheliums resutiiag from tne 
function®l disorder through tho intco-alveeclar infiltr«tion. 


How did this infiltrntion, namely the proliforstion cf his- 
tiocytes, fibroblasts .nd neutrophile leucocytes come about? 
No doubt this proccess may be interpreted as a form of the 
protective function of the lungs, but on the other hand, this 
same proccss will facilitate further deposition of soots in 
the interstitirl tissues by way of the lymphatic circulation. 
It was observed in all the specimen sections of thc lungs 
that tho penetration of the soot dusts into the alvcolar wall 
took place «most intcnscly. As for the noutrophile leucocytes, 
the tuthors have already observed enrlier that the soot dusts 
could bring about « relative infiltration of such isucocytes, 
The sporadic proliferation of the roticulars anc fibro-blasts 
must be one meins of reaction actuated by tho infiltration, 
This finding in the oxperimontal anthracosis is of an utmost 
Significsncs in indicating the most likely route through which 
the soot custs penetrate into the interstitial tissues, In 
order to determine the possible role which soot deposition 
méy play in human anthracosis, the authors examined approxi- 
mately 300 sectional specimens of the lungs, arbitrarily 
sclected, and found only 3 cases in which indentical form of 
soot deposition was observed, This led to inforence that this 
type of soot deposition occurs only where dusts are raised 
intensely under controlled experimental conditions; hence it 
should play 4 relatively minor role in the case of protracted 
human anthracosis incurred through relatively milder dust 
concentration, 


(2) Symphatic Nodules of the Pulmonary Hilus: 


The lymphogene migration of the soot dust, once filtered into 
the lung interstices, takes place fairly promptly. AKAZAKI 
found that sporadic deposition of soots appeoarcd in the 
lymphatic nodules of the pulmonary hilus after 8 hours of 
inhalation and grew to a very pronounced degree in the next 
2h hours. In the presont cxperiment, soot particles began 
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to anpear both in the sinus and in the modullary and cortienl 
perenchymns after 16 days. (Animal Number 6&6). Soow marticles 
were present very sporadically in the sinus, cithor ingested 
by the cndothclial cells or in the free state. Tho scots 
wers ingested by the reticular cells and sporadically settled 
in the medullary cord and cortical tissues. Particularly 
distinct soot deposition was observed around the cortical 
nodules, especially on the side lying close to the outlying 
Sinus. 


The amount of soot dusts present in the lymphatic tissues 
increased with the length of the experiment, esnecially 
around the cortical nodules or in the medullary cords, Such 
soot dusts roadily aggregated to form an onormous mass. This 
mss of soot “ms inostly intracellular sand partially exctra- 
cellular, just like the soot packed alveoli previously ien- 
tioned. The soot ingested cells were, no doubt, derived fran 
the reticular celis end assumed the form of gigantic celis 
when the soct dusts were strong. Intercelluiar and free soot 
depesitions were found in the lymphatic otrenchymas. When 

the crperiments wers continucd over an extended perica of time, 
as in Anime] lumber 7, the soot denosition in the lymphadenoid 
tissue grow to such a pronounced cegree as to present ean 
Almost diffusive deposition. In this case, the soot-ingested 
roticulsr cclls grew enormously both in size and number, but 
neithcr was the interstitial growth of the lattice, the 
agercente fibers scarcely noticeable, nor did tne soot dusts 
give rise to fibrosis, 


The deposition of soot presented an entirely different picture 
in the esse of the cortical nodules; namely, the soots were 
found sottlcd round the nodules, especially in 2 pronovneed 
state in their inner sections, which then later spread to all 
perts enclosing the nodules as the deposition grew, However, 
the soots were seldom present inside the noduics, but scat 
tered or ingested in the reticultr cells. In the sinus, 
contrary to expectation, the soots seldom appeared and if so, 
they were found very sporadically imvcdded cither in the free 
state in the peripherrl end medullary sinus or ingested by 
the endothelial cells. Only when the experiment was con- 
ducted for 2 long veriod of time, as in the esse of Animal 
Numbers. 19 ond 7, the lumphatic »-renchymas were aporeciably 
affoeted through soot deposition and the phenomens decame 
distinct, 
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(3) Other Organs: 


“ith an effort to determine the metastasis of the soot d: sis 
withic ta: boay, the authors histologically examined tho 
Spleen. i.vev, xidney and the bone marrows, but no corviicing 
evilenze of such transference of soot dusts to other org:.ns 
was discovered, 


and Eve luation of Experimental Results: 


The objective of the vresent experimental research on pulmonary anthra- 
cosis by using rabbits as test animals was two-fold; firstly, to make an 
accurate analyticel study of the lungs affected by inhalation of various 
types of dusts and secondly, to probe into the pertinent problems thus far 
unexplained, 


From the intense dust (oil soot) inhalation test conducted with rabbits, 
the authors have discovered the remarkable appearance of the alveolar groups 
fully pxcked with soot dusts -ccompanied by distinctly thickened walls and 
& pronounced state of their atrophy. This phcnomena must be considered as 
sort of protective processes of the lungs called into action against the 
intrusion of soot dusts which were actually found firmly embodied in the 
atrophied lung alveoli, But, it is easily conceivable thet a portion of 
the seots lying in a free state inside the alveoli should pass into the 
interstices by way of the lymphatic circulation. Concerning the mechanism 
by which the soot dusts penetrate into the lung interstices, nothing con- 
clusive can yet be said, but it appears highly probsble th=t the soot dusts 
are admittcd into the interstices in a free state, The alveolar epithecliums 
participzte first in the thickening of the alveolar epitheliums and then 
followed by the reticuler cells and the connective tissue cells, A moderate 
proliferation of the lattice fibers and the infiltration of neutrophile 
leucocytes were 2lso observed, The distinctly visible lining of the inner 
ohases of the alveoli anc. the clveolar cpitheliums must hove been affected 
as a result of the alveolar cavities being plugged with soot dusts, which 
the authors believe remain in the free stable state, Consequently, the 
epitheliums absorbed very sparse amount of soot dusts, if any. The authors 
are yot in no position to say anything conclusive with regard to the organi~ 
antion of the soot dusts found packed inside the alveoli. 


The motast-tic deposition of soot dust in the lymphatic nodules of the 
pulmonary hilus wis observed to comaence first with a sporadic migration 
in tho corticel nodules and the medulla mostly ingested by the reticular 
cells or settled in a frec state in the tissuc ercvices, ‘In the course 
of time, however, the soot dusts gradually tended to assemble in masses on 
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the inner brim of the cortie >] nodules or in the medullary cords, In the 
case of prolonged oxperiments, the deposition of soot dusts accumulated to 
& pronounced degree and ws soon found aggregated into piles all over the 
lungs. As 1 rule vroliferation of lattice and connective tissues fibers 
‘ore not observed, Hence, it may be concluded that the presence of soot 
lusts xppenred from the start, sparsely if not in any pronounced degrec, in 
the periphers] and medullary sinus and they persisted in the samo state 
until fairly Inter dntc, even in the case of the longer experiments, “hen 
tha soot dusts appeared in . pronounced state in the lymphatic parenchymas, 
soot dusts were found in the poriphoral and medullary sinus, either in tho 
frea state or ingested br th: ondotheliums, 


The nrsscabling of the scot dusts in the cortical section around the 
cortic.l nodules, especially on its inner surface, can be exp ained by the 
plasmi-eruption theory of Professor ONO. The haematogene isigretion of soot. 
dusts to remote organs of the body ws extremely difficult oven ot high 
concentrations of dust inhalation, 
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ELPS°TGNTAL RESMARCH ON THE 
PATHOGSNSSIS OF SILICOSIS 


by 
Suxito TAKEUCHT 


Deparcment of Pathology, 
Niigata ‘iecicel Colleec, Niigata 


IBSTRAGT 


(Published in the Journal of the Hokustsy Medical Association, 59, 306-327 
(194). L of the Hokuetsu Medical Associatio 


1. Introductioa: 


Numerous detailed accounts of the pathological, anatanical and histolo- 
gical researches on silicosis have been conducted all over the world, but 
little has been known -bovt the initial stage in the sevelonuent of the 
disease other than that renorted by AKAZAKI and GARDNER. The present 
research is to determine the likely region where the silicotic tubercles 
are first formed and the form of their growth, Once this is known, the 
genesis of cilicotic tubercles and the structure of the normal alveolar 
walls can be understood, 


2e HExperinent: 


The experiment was divided into two narts; inhalation test and injection 
test, Rabbits were used as the experimental animals, 
&@e <2nbalation Test: 

(1) Experimental Jnimal: Tighteen young healthy rabbits, strong 
enough to withstand a prolonged test, were selected for the 
experiment which was conducted for a minimum period of 4 to a 
moximua of 4O months, 


(2) Silica Dust: The silica dust used for the experiment was pre- 
pared by the leboratory of Asano Cement Manufacturing Co,, and 
its chemical canposition was 95% Sid. and very small emounts of 
41203, Fe203, Cad, MgO, etc. The size of the dust particles 
was 50 to 50% below 5 ‘Be 
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(3) Ekxpérimental Method: Two or three rabbits were placed in a 
specially designed cage into which dried silica dust was ad~ 
mitted for 30 to 60 minutes per day by means of a dust blower, 
The rabbits were left in the cage for 10 minutes after the 
blowing was suspended, In this manner the animals were forced 
to inhale dust for 40 to 70 minutes period daily, The length © 
of the inhalation period varied each day depending upon the | 
Season and the health conditions of the animals, Care were | 
taken to allow the animals to survive the experiment as long as 
possible, Finally, they were killed and their lungs and other 
internal organs were macroscopically and histologically examined, 


(4) Experimental Data: The experimental periods, frequency of the 
forced inhalation and the weight of the animals before and after 
the experiment were recorded and sumaarized in the following 


table: 
ffcst [Body Weight [Duration of | Number [Nature 
inimal | Com- | Ter- | Experiment | of of 
umber | mence-{ mina Inhal- ) Period, Inhal- Termi- Macroscopic 
ment, | tion,} ation | after ation jnation Observations 
Period last | 
Inhale 
ation | 
“ie en Gh oe fete 
L5 11500 | 2350] 118 !none . 89 | dicd | No conspicuous chan 
2200 _| 2350] 119 [none | 1 died ppd 
2655 | 2800 | 263 | none hd | died __ — 
2400 ; 2650] 265 | none 1 died oo 
2900 | 2195| 205 |none ' 12. | killed H - 
} eMmore 
37 62 (165 | died cm ars and Haemor 


600 | 359 | none 179 | killed | Macroscopic changes not 
perceived, ones 
7 T7555 | 2350| 479 | mone 18 died | Lungs and othcr intcrnal 
organs engorged (Rrenchia 
Meee FTN eh cumonia) 
ios | 1570 [| 2300] 493 | 62 | 204 [ dicd | Serious bleoding in lungs 
“Tez | 1850 [2s7s, 523 | 62; 208 ky iiend p> eding in lungs; no 


| a Big other changes | 
Ter) S750 | Be70; 556 |" 621329" [died [No changes other than 
7 blecding in lungs 
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none 271. | killed | Other than 2 large 
abscesses in left lower 
| Lobe, no changes 
24,2 illed | Large abscess in abdomi- 
nal cavity, no changes 
in lungs 
293 | killed [ Silicosis ganglions as 
large as millet seeds 
developec. in lungs 
239 | killed | Greyish white PTGS 
tubercles formed over | 
a oj Ontire pulsonary lobe | 
lied | No macroscopic changes , 
334 | killed . 
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(5) Uxperimental Observations: 


(a) Pathological processes typical of silicosis were developed 
in the puluon2ry hilus area. 


{b) Most of the silica dust that had been inhaled and reached 
the alveolar cavities after being first resorbed by the 
alveolar phagocytes appeared to be expectorated mostly in 
the free state, A portion of these phagocytes that ingese 
ted the silice dust seemed to crumble and disappear in- 
side the alveoli, but some of them were found to persist 
in some alveoli, specially in a pronounced degree near the . 
bronchial walls, The dust cells were never seen to grow 
into silicotic tubercles even after remaining in the 
alveoli for a long period, “erever the silicotic tuber~ 
eles anpecred, the initial stage always took the form of 
large proliforated phagocytes filled with silica dust and 
then gradually collagenized after developing distinct 
lattice-form fibers around theaselves and finally passed 
into hyaloid tubercles, The infiltration of volynuclear 
leucocytes or lymphocytes seldom takes place in this 
process, Yor silicotic tubercles to develop, it is always 
necessary thet the silica dust should first penetrate into 
and settle in the inter-pulmonary substances, 
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Opinions 2s to how the metastasis of the silica dust takes 
place after filtrating into the interpulmonary substances 
differ among the past researches, The evidences found in this 
experiacnt show that the inhaled dust penetrates into the 
intor-pulaonary substances and is always carried off in the 
free state based upon the following reasons: }) the so-called 
dust colls embodying the silica dust are seldom found in the 
alveolar walls; 2) the alveolar areas are the least likely 
place for the appearance of the tubercles; and 3) the alveolar 
walls are generally too thin to allow metastasis of large 
phagocytes along the alveolar lymphatic duct, which is not 
large enough for this purpose, 


{c) The most likely place for silicotic tubcreles to anpear has 
been proved experimentally to be outside the blood vessels, 
peri-vasculer alveolar walls, and peri-bronchial lymphatic 
follicles, Next to these areas were the sub=-pLleurs. and peri- 
bronchial sections, It is very seldom that silicosis should 
appear else:here, that is, in areas unconnected with blood 
vesscls or bronchi, 


(d) After the dust filtered into the inter-pulmonary substances 
and deposited, the fine reticular cells were proliferated by 
ingesting the dust, Then the lattice-form fibers were proli- 
ferated and finally produced hyaloid tuborcles, pronouncedly 
removed of blood vessels, through collagenization, In this 
process, fibrous granulation cells and connective tissucs were 
seen to take part in the development of the tubercles, but 
they ere of sccondary significance. Infiltration of poly- 
nuclear leucocytes and lymphocytes seldom occurred as these 
migratory cells do not assist in the formation of the granu- 
lations, 


(ce) The nathologicel process always t-kes place, mainly in the 
medulla, in the lyiaphatic nodules of the pulmonary hilus 
arcas, Just ingested reticuler cells first proliferate into 
the medulla where the lattice-form fibeors grows and finally 
becanes .coll2gonous. 


b, Injection Test: 


| (1) Experimental Animal: Eight rabbits, cach weighing approximately 


| 2500 g, were ciaployed as the test animal, 
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(_) Injection Fluid: The injection fluid was prepared by emulsi- 
fying physiological saline solution with 2.5% of the same 
finely pulverized silies dust used in the inhalation test, 


(3) xperimental Method: The emulsion was injected into the 
aur’.cular vein of the rabbits at the rate of 2 to 3 cc/kg. of 
boly woight at intervals of 1 week, while care was taken not 
to injure the animals so that repeated injects could be 
carricd out as many times as possible. However, due to in- 
juries sustained by the auricular veins, the injections could 
not be repeated over 24 times, The duration of the exneriment 
was from 2 months to 12 months. After tho injections, each — 
animal was kept alive for different period of time and then 
killed for the purvose of macrosconical observation of the 
organs. 


(4) Exporinental Date: The details of the experiment are tabulated 
in the following table: 


TABLE II. 


Duravion | Sener" Boe ; Weisht 
after of Com- | Ter- 
last ine | Injcet-— imence4 mina- 


Nature of 


Teraination 


jection, Lous jaent, | tion, 

months g gz 
12050 4 £350 
2200 | 2860 


(5) Sxperimental Observations: 


(a) The liver wes most pronouncedly offected, Host of the 
silice dust injected into the animel were ingested by 
Kupffer's asteroid cells, which are consequently enlarged, 
incurring the proliferation of the lattice-form fibers 
in their surroundings and giving rise to cicatrices where 
the granuleted tissues had developed, Thus, enormous 
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Silicotic cicatricial tubercles grew in the liver, ro- 
Sulting in = hepatic induration of a peculiar typo. 

During this process, however, no colloction of oscites 
was detected in spite of the intensity of the proccss, 


(b} Nodules were formed around the coarse silicn dust parti- 
cles which had plugged the alveolar walls in the lungs 
end the anpearence of the enormous cells, Sometimes 
Silicotic tubercles, similar to those observed in the 
inhzlation test, were developed due to the deposition of 
the silica dust which had filtered in along the lymphatic 
duct, 


(c) Silicotic tubercles are formed in the medulla and the 
lymshotie follicules in the spleen, However, such tuber- 
cles are absent in the sinus, The tubercles arc formed 
in the medulla of the bones on rare occasions but to a 
very slight extent. The lymphatic nodules, even those 
existing in the vulmonary hilus area, ere affected in the 
Same yay as in the case of the inhalation test, but the 
degres of the »athological process was far less pronounced, 


3 Conclusions; 
5 ne a rma 


%, It has becn experimentally proven th-t all the dust penetrating into 
the body of the rabbits eithcr by forced inhalation or injection wes con- 
josted by the cells of the rcticular endothelial scriecs giving rise to the 
proliferetion of the lattice-form fibers, which are collagenized and finsllv 
resulted into typical silicotic tubercles, Sometimes the proliferation of 
the fibrous granulation celis and the connective tissues were involved in 
the nrocess, but they must be regarded as only of secondary importance. As a 
rule, the participation of the lymphocytes and poly-nucilear leucocytes in the 
gronulation process wes not observed, : 


b, The finer silica dust particles are more conducive to the development 


of silicosis due to the fact that finer particles can readily filter through 
the alveolar wells and transferred to other parts of the body, 
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_JONTRIBUTION TO THE SUUDY OF 
HUMAN PULMONARY ANTHRACOSIS 


By 


Dr. Fujio NITTOWO, Department of Pathclogy, Niigata 
Mecical College, Niigata 


ABSTRACT 
(Published in the Trans, Soc, Path, Japan, 30, 290-296 (1940) 


Though the preblem of pulmonary anthracesis has been constantly 
studied for over a hundred years, there still remains "ary unclarified 
points which avait further investigation, The following is a report on 
the noteverthy resvlts of the avthor's systematic macresopical and 
histological examination of the 108 autopsy cases performed on the human 
lungs af*ectec by inhalation of coul dusts, 


1. Macroscopic Examination: 
a, The Degree of the Coal Dust Peposition in the Lungs: To 


Getermine the amount of coal dust particles deposited in the lungs, the | 
cutror visually examinee the coal cust particles “enesited in a certain 
‘ unit space on the surface ard secti-ral snecimen of the Innes, 


(1) 


omparison of the Degree of Goal Dust Depesition in Both Lu 

Lohes: Among the 69 cases examined, almost the entire group 
cases) shored no marked 24 Poneroe in the ceal Anet deposi- 

tion between the right ane left lungs. Although the tronchi 

of the human lungs are not anatomically indetical, such differ- 

ence is avnarertly attributahle to the fact that the human 

being inhales only a small quantity of Cust particles daring 

his rormal caily breathire, 


(2) Comn : . Denes of Both 
Lungs: The amount of dust Cenosition, both in the vpper and 
lower lobes of the human lures, is for the most part aporexi- 
mately the same as shown ir Table I for the left lung and 
Table II for the right lune, 


TABLE IefEPE LU¥G 


"here Upver Lobe of Lung | “here Both Unper and| “here Lower Lobe 


‘vas more Strongly Affect- | Lower Lobes were was more strongly | 
‘ed than the Lower Lebe Equally Affected Affected than the 
Upper Lobe 


fe 27 cases 35 cases 7 cases 
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‘ narticles visible on the plevral nhases was vsec. Lunges with 
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TABLE II-RIGHT LUNG ~ . 


Where the Upper Lobe was | Where both Upper and | Where the Upper Lobe 


more Strongly Affected Lower Lobes .were was Less Affected 

than the Lower Lobe Equally Affected than the Lover Lebe 
; t 

. | 

20 casen: ° 35 cases 6 cases 


here the Lover Lobe was | Where Lewar!jandrMidd@le|Mhere the Lower Lobe 
more Strongly Af*ected ' Lebes were Equally was Less Affected 
Affected than the Mi@dle Lobe 


# 


25 cases 43 cases 


The ceposition of coal cust particles in the lunr spex vas not 
prenouncer as shorn in Table III, 


: TABLE III COMPSRISOY Of DUST PEPOSITION IN 


LUNG APEX 
; Where the Lung Avex Where the Apex and Where the Lung Apex. 
was More Af*ectec Other Parts of the ‘}Jr-Was Less Affected | 
than Other Parts of Lung were Equally than Other Parts of 
the Upver Lobe Affected ches the Lunp 
9 cases O cases 18 cases 
11 cases 9 cases 17 _ cases 


The renerts mace by various anthers on the results of their animal 
experiments anc hrman cata do not agree with rerarces to the Cistribytion 
of the cust Ceposition rith respect to each Jung lobes. In most cases, 
the arount of cust Cepositec in each of the lune lebe was annroximately 
the same, thus, the avthor conclucec that each lung lobe inhaled 
aporoximately the same arount of cust varticles, 


(3) Comparrtive Study on the Dust Denosition in Fach Pleural 
es 


Pease cf the Lunes: As a yardstick for the measurement o* the coal 
Pyst Cevosition ir the vlevral phase, a pre-Cceterminec mass of Cust 


extensively thickenee nlevra were exc’ucer, 


It was noted in the maiority of the cases, both in the left and 
right lunrs, that the rib nhases were most strongly viemerted, the 
meciastirnel vnhasces less strongly, the cianhragratic phases etill less, 
are the irterlobar phases the least as shown in Table IV, 
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25 cases 


|) re Strongly | Piprer-_ 
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51 cases 


iipht __ 49 cases 26 cases 
“here the Meciastinal | “here the Mecia- 
- +Phase =-s More Strong-| stinal and Pia | stinal Pha se was. 
Lung jly Pigrentec than the | phrarmatic Phases | Less Stronely ing 
Dianhrarmatic Phase were Fqually Pigmentec than the 
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The above mertioned cif’ererces ir the ferree of Cust sencsition 
ir ench section of the nlevral ~heses must annarently be relate? with | 
. the Cerree of the recharical resist-rce of exch nh-se: beree the 
3 amount of pirmert:tior ir tre lebar phases is aceeunteble hy the 
- relrtively lerrer surfaces. 


Sate b. Differert Forms of Tust Denesition in the Lurrs: No ateuen 


E investirntiors have thus *ar beer mare resnrcirg the cif*erert conrl 

: Cust. Cenositicr or the nlevr-l ore sections? ohnsese of the lungs. 
KRFIFE hns recert+ly classifier the “orms of pismentation into three 
principal “orms, nemely: network, strinr, mn? knot-form, vhich 
hovever, Co not setis*actorily exolnir the cifferert tynes of 
pirmertstion chservee ir crthr-acesis, ; : 


ff*ter errefl examinstion, the rvther an-lyzece the firures of t 
zonl @nst Cenesition on the lunr surfrce ard sectionil-phises, The — 
“ipvres sere roughly @ivieee irto rerer-l tynes are specirl tynes of 
»mentation, The ceneral tyne covere? all cepositior forms on the. 
“ines ere sectional phnses is shorn in Table IV. 
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: The special tynes of pigmentation, which consisted of one or more 
of the above mentioned reneral forms but ceveloned from special process, 
are groun inte two tynes, namely: (1) rovne or frecklec forms which . 

derived from the subnliueral lvmphatic glanes and (2) band-form or stri 

like pigmentation which Ceveloped in t' e intercostal spaces. 


2. Histolopicel Findings: 


a, Histological Findin: 


(1) The coal dust partiLebes inhaled by respiratory action are 
never absorbec by the brorehial epitheliums, but they vie 
‘proceed further cown into the alveolar cavities, Such 
coal Gust varticles, as filtered into the alveolar cavities, | 
are mostly ingested by the so-called cust cells and partl 
eliminated in the free state by the sputum, In regard to 
the essential nature of the cust cells, one ~ay regard 
then as the so-called alveolar epitheliums, because there | 
are alwa s vresent in the transitional forms between the _ 
dust cells existing in the free state in the alveolar 
cavities ard the cust-ingested ead hice achered to 

the cavity walls, 
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(2) 


sn vecare to the volume of dust particles presert in the 
aiveoli, it is ofter noted that larger accum:lation cf 
— narticies are found in the patholorically altered 

ene shar in the nermal lvng; namely, in svch atelec- 
rae alecii with thiekened walls, in the alveoli in 
whic) sclitary tubercles have settle¢, or in +he 


alveoli which are emhedfed in the callous tisrves of the - 


cirrhotic tuberculosis as well as in the highly thick- 
ened pleura, The amevnt of dust particles-which remains 
in the alveoli is determined rot orly by the amount of 
Gust varticles inhaled, but aleo by the normal respire’r 


atory action of the aiwnett themselves, 


(3) 


(4) 


Incl 12 


On the other hand, only a sparse avantity of coal 
Cust cepesitioh was fouhd ih the _Gase of erphyse~atous 
alveoli, This may he aceavhted ‘or chiefly by the fact 
that the dust particles ir the exnarede alvecli are free 
are more’ likely to be driven out rith the erutnm from 
the syetem, Ever if numerovs cells are accumrlated in 
the alveolar ane hroncbial eahities ard annearec to 
rerain acherec to their walls, no orranizireg vrocess 
of any kind were found to ocerr or the walls, 


The author was not atle to prove exverimertally anythirp 
conclusive with rerard to the partierlar vooints or 
locations throvgh which the coal dust varticles might 
filter inte the alveoli, 


However, inasmuch as the coal cust narticles 
were found presert all over the entire peripheries of 
the alveolar walls of all sections, one may ecnclirfe 
that the dust particles filtered not orly hetween the 
epithelivms as ARNOLD renorted, but also throngt all 
parts of the alveolar wall exceptinr those parts of tke 
walls which corresnond to the ovter membrane of the 
epitheliums, | 


The coal dust particles reaching the alveolar walls are 
carried off throurh the lymphatic vessels ane then for 
the most part ingested by the interstitial connective 

tissne cells and histiocytes or partly cepositedc in 

free state in the lymnhatiec vessels or in the crevices 
of the tissre, The denosition o* coal cust narticles 

is especially eenre in the neri-rorchial, veri-vascular, 
anc sub-plevral connective tissver. 
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the metastasis of the cust particles te the remete organs of the body, © 


(5) One thine to be noted esp sopietre ddneer ating the coal duct 
deposition in ths veri-br enchial, neri-vascular, and sub=— 
pleural varts is that a portion of the cust particles are © 
filtrs ved “ron oetween the alveolar epithelivms inte the 
neirthorin: alveoli in the case of the larre acenmlation 
et Persie lis, NOWEVETs if the alveolar epitheliums were — 
aarovulsy cxaminet, it woulec be seen that there evitheliu ie 
hac unrestee ths Anst particles anc were reacy to emit the 

Aust pxtitics inte the alveolar cavities, ee 

(6) In rcgar® un the existence of cust particles in the lymphat 
system insi¢c *bu lungs, the sub-pleural or peri-bronchial — 
lymphatic no¢nics are reporte? hy the nert researchers, 
such as RVPPF2?, /RNCLD,, SOHN IN TMANN-LUBARE OF, BORET, JFISS, 
GIESSE and others, to present ar image in which the oad | 
Aust particles appenr early or ter? to eeposit themselves, 
but such was net the case in the avthor's exneriment. 
Contrary to past research works, the coal cnst particles 
were rarely ever present in the svb-pleural or peri- 
bronchia’ lymphatic nocules ar¢ if they ever avpear by 
chance, they will avpe-r in the peripheral parts as ae 
image areunc the tymphatic,vessels, 


(7) In the ease of fairly } renounced ease of anthracesis, 
the intravasatian (infiltration into the veins) of the 
Goal Aust particles inte the bleed vessels baving thin 
walls and more go inte the vesdvlar capillaries were — 
observe? to have taker place as well as in the case of 
the ahthracdsially blemente? lymnkatie ne@vles. With 
regard to the pchetration of the cust particles inte 
the vascular capillaries of the lungs, thus far only 
KOOPMAN has mace a remark corcerring the graphite dust 
particles but no report has yet ben mare on the 
penetration of these ¢vst particles into the lymphatic 

nefules, 


." 
\ fr 


bs On the Remote Transition of the Lung Anthracosis: conceseliaie: , 
the author has prover experimentally by a careftl examiration of the 
state of coal dust Ceposition in the spleen, liver, heart, and kidney 
of test cases selectee from the 10% hyman cases. The various mechanisms — 
ef cevelonment for the spreac of the Cust particles, thouph the spknto 

of other researchers eiffer, may be summarizec as follows: a: 
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QQ) amustadens Hetestaste tw a gar ef the breakdown | 

ie of the anthracostic lymphatic nodvles swollen with _ 
the lung vessels or as a result of the intravasation 

of the anthracosic caituaciog into the blood vessels of - 

the lungs) 


> 


ee (2) Retrograde Siiebneas metastasis (metastasis caused by 
es | the lymph) | | a 


(3) . Lymphogene (on the pulmonary hilus) See by Sa 
haematorere metastasis Hiv 
Of the three, possibilities mentioned above, ranean if 
the breakcown of the anthracosic lymphatic nodules in 
the lvrne vessels ror the lympnhopene retrograce cust 
miprotion can suf*iciertly accovnt “or the metastasis 
of the coal dust particles into the remote organs in 
view of the regative resu?ts obtainée in the authors 
experiments. Many researchers have reparée? these two 
possibilities as rie or imorehahble cases. 


jy 


As for the lymph orene-harmategene Cevelonmernt, neo 
one is yet in a nosition to establish its vrebabllity 
: throvph histolorical data, But in wiew of the fact that 
| even in the case of highly anthracesically pigmented — 
lymphatic nocules of the vulmonary hilus, the closer 
these nodules lie te the veibs, the mote easily the A 
Bf, cecrease in the coal eust deposit can he ascertained Bs 
a by maetosedpial observation, It may not be ircorreet 

to state that this is one of the possible means by Wy, 

which the dust particled disperse. 


: : With rerard to the last possibility increasing _ 
~attention has been piveh, the haematogene development 
through the intrevasation of the coal dust partieles, _ 
. E into the blood vessels and even into the srall vescels 
4 (veins) of the lungs, The author has witnessed the 
intravasation of the coal cust pigments rot orly in 
: the small veins but also in the ecanillaries of the 
lung and in the lymphatic nodules of the pulmonary 
hilus, Ne noticeable difference was observed in the 
amount of coal dust particles penetrating between the 
individual capillaries an@ the veins, The penetration 
ar of the dust particles was more frequent into the canillaries 
than into the veins. 
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) airrathed of the cust particles to the remote 
pein orpars takes place mainly threurh th haematore 
metastasis, which preceeds through the intravasaticn of 
tre coal dont particles into the small vessels ard _ 
capillaries o* the lung and lymphatic nodules alorr t 
‘pulronary hilvs, 
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| | =e ai used in the tables for the degree of coal dust deposition are 
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the examination of 84 silicotic natients who were working under the iden- 
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RESEARCH Of TYE IFFLUEYCES OF SILICOTIC ee 
PROCESSES UPOY TYE PULMONARY TUPERCULOSIS | a 


Setsugi SAKAI, Nepartment of Pathology, } a W 
Niigata Medical College, Niigata 


SBS | eve 
(Published in the deal of Niigata Medical issociation (Japan), ae 
62, No. 1, 110 (1948) | Bree 


“Ga Ss 


} It is unanimously agreed among all mcdical researchers that the 
silicotic patients are more liable to contract pulmonary tuberculosis than 
others, And it is also pointed out by many researchers that the frequency 
of tuberculous complications in silicosis runs parallel with the progress  __ 
of silicotic processes. However, it is still an open arerree weet effect — 
is actually exerted by silicotic processes or the vresence of silica dust 


upon tre tuberculous process, lo corvincing exnlanation has yet been a 


offcred on this nroblem. Many researchers argue that the presence of sili- ~ 
ca dust or silicosis makes the prognosis of tubercvlosis worse, Their argu- 
ment, however, often lacks valid clinical and anatomica] re-examination, ie sf 
On the other hand, Professor ROESSEL and his co-workers, basing their argu- | E: 
ments on morphologic71 studies, went so far as to assert that silicosis a 
exerted beneficial] influence on tuberculosis, enabling it to cure itself by 
forming cicatrices. Such being the case, an immediate solution of the Ree, 


problem, silicosis vs tuberculosis, is one of the most important subject ee 4 
among the medical researchers. | oe . 
B. Results of Examination of Human Cases a. 
: 1. Data Used in the Present Research: a 
The data employed in the present pathologicaleanatomical and — s 


histological studies were taken from the corpses of 12 miners who died 
from silicosis (3 cases of common silicosis and 9 eases of silicosis compli- 
cated with tuberculous processes). 


2. Clinical Observations: 


A summary of the clinical data obtained from the investigation 
of the said 12 dissected cases and the sunplementary data obtained from 


tical conditions are as follows: 


Particulates," dated 15 Tec 48 


Sees wee Subrb stave: Spuptanis: Be 


Symptons such as cough, sputum, difficult breathing, pain 
in the ehest, and heart acceleration are said to increase when simple sili- 
cosis’ is comp) ieatod with tuberculous PERT Be 


be Objective Symptoms: | ae 


Absence of objective. — is pointed out by many students | 
as characteristic of simple ‘silicosis, and few physical symptoms generally — 
accompany silicosis in which tuberculous processes developed. Some even 
reported the disanvearance of wet rhonchus and respiratory sound, | : Ca 

The results of author's investigation of silicosis complicated with 
tuberculous processes are summarized as elongated expiration, dry rhonchus, 
pronounced frictional sound on ausculation, and short or dul] sound parti+ 
cularly noticeable on percussion. 


a ~poe. 


¢.  Pathological-anatomical and histological Observations 


The pathological state of silicosis became considerably aes 
complicated with the appearance of tuberculous processes, the main features 
of which are sum*arized as follows: 


(1) The adhered foci of silicotic processes: Silicotic 
granular nodules appears nearly symmetrically in the 
right and left lungs according to many researehers. ie 
But the adhered foci appears not always symmetrically, © 

: but often unbalanced and unsymmetrically in both spat 
q In this experiment, the silicotic nodules appeaner 5: Ma 
q the upper lung field of both lungs. ok 


(2) Formation of hollows: The hollow is formed after the 
-erumbling or softening of the hyaloid nodules as in 
oe tuberculosis and sometimes in silicosis, The hollows 
: are formed most frequently in the upner lobes and fre+ 
- quently on the back phase of the lung regardless of 
whether or not tuberculous complication oecurs. This 
pathological process is particularly noticeable and 
pronounced when the tuberculous complication is involved. 
However, the silicotic hollows are very small compared 
with those of tuberculous origin, 


(3) Pulmonary emphysema: Pulmonary emphysema was observed es, 
in only one case of simple silicosis. waka 


2 . 
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(4) Pleural Pathological Processes: Researchers point out. 
that pathological process in the lung tissues caused o ; 
the deposition of silica dust gradually srread to the a 
pleura and turning it into cal}ous or adhered pleura. a 
Opinions differ among researchers as to how these patho- — 
logical processes are affected by the development of ; 
tuberculous processes, The author observed fibrous ad- 
hesion in simple silicosis cases and adhesive process 
highly developed in all the complicated silicosis Cases. — 
Apparently tuberculous complication accelerates the = 
adhesion process. 


(5) Pathological processes in Fronchi: Naturally the a 
bronchus is first affected by the inhalation of dust. 
More than half of the cases examined, the appearance of 
suppurative bronchitis was revealed in both simple and i 
complicated silicosis. The author was unable to reveal 
any bronchial dilatation in either simple or Soe a 
silicasis as reported by other researchers. . 


(6) Pathological Process in Lymphatic Nodules of Pulmonary 
Hilus: The lymphatic nodules of pulmonary hilus are 
reported to undergo pronounced silicotic pathological 
changes simultaneously with the nodules of the tracheal 
branchings and bronchial lymphatic nodules before any he © 
pulmonary changes occur. Traces of defunct silicotic 
ecicatrices were detected in the lymphatic nodules of 

the pulmonary hilus. This may be accounted for hy the 
fact that the silica dusts which filtered throurh the 
entire lung tissues are collected in the lymphatic ene 
nodules, i au 


ee 


1. Method of Experiment: The test rabbits were injected daily in ~~ 
the vein of the ear for a period of 30+39 weeks with silica dust emulsion 
and 2C weeks Inter with 0.05 mg~1.0mg of tubercle bacilli of bovine RPO ae 
Some animals were given another injection of 1.0 mg of tubercle bacilli 
in another 20 weeks. .t the end of the treatment, the animals were killed 
at different periods and their viscera were closely examined. Two healthy 
rabbits, unaffected with silicosis, were contaminated with tubercle bacilli 
in the same manner as controls. Tetails of the experiment are tabulated i 
in TABLE I. 3 A 
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2. Results of Experiment: The macroscopic findings were as follows: 
Lungs: The tubercles in the lungs of the test animals were cound ee 

to be larger then those of the control group and stowed tendencies of ad- — 
hesion wz'oc¢ Cees. | is a 


Splesns: The spleens of test animals were swollen to a pronounced 
degree and showed presence of large tubercles. 


Lympbatic Nodules: The test animals showed somehat svoller lym- 
phatic nodules, but no tubercles were observed macroscopically in either 
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The histological findings were as follows: 


ee eee eee eee 


Tubercules: The existence of tubercles was sporadic and abcut 
the same “n number in both groups. The tubercles presented as aspect of 
chiefly epithelial cellular tubercles with an occasional appearmce of : 
Ranvier's vi-mtic celle in the control animals. These tubercles were i 
coated with f.lms of connective tissues having a highly infiltrated lympho-~ 
cvtes anc their centers were often found disintegrated and softened with 
Occasional image of cretaceous transformation, A sosewhat large amount of 
tubercle bacil)i existed in the caseated areas, but few were found in other 
parts . 4 
The tubercles were larger and showed more pronounced tendency towards 
caseation in the test animals; in some ~arts exudative process was observed 
in progress. burthermore, the alveolar walls were fhickened by the depo- 
Sition of silica Cust which added to the tendency of the tuberculous process 
to soread over the syrrourding area, The epithelial cellular tubercles 
in the control group were ~resent amone the liffusively proliferated spleeno- 
cytes, where sometime:, if not too often, appeared gigantic Ranvier's cells 
ane tubercle bacilli. he fine reticular cells in the test animals were 
proliferated so diffusively that it was sometimes difficult to distinguish 
between trberculous from silicotic processes. 


Lymphatic nodules: The lymphatic nodules showed only in the 
control animals diffusively proliferated epithelial cellvlar tubercles, 
Fronounced tuberculous process involving an extensive disintegration was 
observed in the test animals among the diffusively proliferated fine 


_reticular cells. 


Livers: The liver in the control croup showed sporadic epi- 
thelial celivlér tubercles in which gigantic Nanvierts cell occasionally 
co-existed with tubercle bacilli. ‘he test animals showed extensively 
developed hyaloid silicotic twbercles, with numerous epithelial cellular 
tubercles existin’ among them, 
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EXPE} IMPNT/.L PESEARCH IN PULMONARY SITEFOSIS ay ag 


By 


. Dr. Koji TAKAHASHI, Department of Pathology, a 
: Niigata Medical College, Niigata, | ‘ 
a 


ABSTRACT 


(A Mished in the Research Report of the Pathology Department, Niigata . 
We2renl Jolleee, (Japan), 60, 1-21 1944) 
1. Erctace: 


Human pnéeumseoniosis attributable to iron dust inhalation was 
first pointed out by ZENKER in 1867, and was later verified by MEFKEL in 
1869, But little has been known as t6 thether iron dust alone is sufficient 
to causé this disease or whether some other factors are involved. 


Since no authoritative information is available on this sqhieeks the 
the author set cut to make a first hand pathological study of the disease 
by experinerntin; with rabhits, Iron dust was difficult to keep afloat 
sufficient] joug in the air because of its heavy specific gravity. To 
secure e seticinctory exnerimental results, the author injected ferric 
oxide solutior. into the vein of the test animals's ear and examined 
how the injected iron cust particles affected the Jungs and other organs, 


2. Exnerimeutal Method and FPesults: 


S aeetimaaianeaallliammnesentttiememmeat 


@. Inralaticn Tas i. 


(1) Method of Experiment: Thirty rabbits were placed in a special- 
iv desip.ied cage, into which was admitted pure ferric oxide 
dust for an hour daily by a small blower, After the dust blowing 
was suspende¢, the animals were allowed to remain in the cage ss 
for abcut 10 minutes enc then removed, At times the blowing 
hac. to be susvended because of the physical condition of the | 
animals, t+ was also susrended during the hot or cold season 
or whem the motor did not function satisfactorily, The 
experiment was conducted for 26 days in the shortest case and 
914 days in the lonrest, The duration and the number of times 
the inhalation experiment was conducted are tabulated in 
Tatle I, 
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“TABLE 1 INHALATION EXPFPIMENT 
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Injection Test: 


(2) 


Duratien 
uf txperi- 
meant, weeks 


3 5 30 mins 
2 31, 24 hrs 
24 SvA 30 mins 
34 45 4 days 
35 Al 30 mins 
a9 . 43 ; 30 ning 
39 43 30 mins 
39 43 39 mins 
728 94 - 30 mins 
e3 LQ 30 mins 
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ones, it may be ie ‘that ne Penis deide pity ine | 
halation did not exert any svecific harmful influence — 
upon the normal growth of the animals, With regard fa 
the rab>its' suscentibility to @iseases after the inhala- 
tion of the iron oxide dust, no instances are known wh 
the death was daused direetly by the inhaled {eres 
oxide dust, 


(b) Summary of macroscopic and histological findings: The _ 
degree of iron oxide dust deposition seemed rovehly 
co-extensive with the duration of the dust inhalation 
treatment. The peculiar shade of the iron dust appeared 
to fade er as the time vrorressed after the treat- 
ment’, ity Ls 


Method of Exneriment: Emulsion of 2% ferric oxide dust in _ 
saline solution’ was prepared for injection. Each rabbit 
was injected 5 cc of the emulsion through the ear vein, twidé | 
a week for a duration of 3 to 107 weeks, and the animals were 
killed at the end of the specified duration, Most of the 

animals were killec within 30 minutes after the last injection, 
but some of the animals were allowed to live for a long time 
after the last injection. The details of the experiment are 
tabulsted in Table II, | i | 


TABLE IT, INJECTION EXPERIMENT 


Peried after 
Injections | Last Inject~ 
jon 


Bocy Weight 
Before After tion ot Ge 
Exneri+ Exneri- Animal | 
ment, p ment, g ) 


a . ne _ 3C mins 


166 days 


(2) Coréition of the test animsls while alive: After the inject 
all the animals showed no pronounced vethological symptoms, 
Animals gained weight like normal animals, 


3, Summary and Discussion: 


After a long animel exp riment extendire over 2.5 vears in which | 
the rabbits were contaminated with iron dust either by injection or inhala- 
tion, the aut!.or has come to the conclusion that the lungs anc lymrhatic 
glends showed evidences of iron dust deposition, but no image of the — 
hardened connective tissures were detecta*le, This cortradictory to the 
views exnressed by ZENKTF but eprees with Ci TETTO™'s (1927) exneriment. _ 
However. CHPLPTON was not @efinite in his argument against the harmful]ness © 

of the iror dust particles upon the health, presumably because his exneri~— 
ment was not cond ected long eno gh to noeicrs satisfactory results as well | 
as beinr influenced by the results obtained by earlier researchers, 


; In as much as no proliferation of the connective tissues was detected 
after a suSficiently lonp neriod o* experiment, the author may be justified _ 
in scyi gp that the ferric oxide dust particles are harmless to the living 
organism. 


To make certein that sufficient ferric oxide cust particles would he 
absorhed by the test animals, both cust inhalation and injection of iron 
dust em:]sion were conducted whieh enabled the author to examine the effect 
of the dust not only vpon the lungs but also upon other internal organs, 


Finding CARLETON's report lacking in the histological findings of his @ 
expsriment as followst +f 


Briefly, the histological fircivgs of the author's experiment 
coincides with the herr ootaired on experiments] anthracosis concucted 
hy Professor AKAZAKI (1941), who mace tabbits inhale soot dust varticles, 
and also the results of another exverimentation ¢oncucted by the author 
with coal dust, : 


Upon a closer examination, however, one may notice a distinct dif- 
ference in the reaction of “he rebhit's lung tissues against the iron 
dust varticles and the coel or soot dust nerticles, namcly siderosis and 
-anthracosis, In the ease of anthragosis, coal or soot cust narticles, are 
often found ceposited in the lung tissues obstructing the group of cells sy 
lying closely together in the bronchi, arovnd the blood vessels and in the 
sube-nluera, A vronounced contraction is always noted in the group of 
alveoli plugeed with soet dust, or a fairly pronouncee proliferation visivle 
on the alveoler walls; Such is not always the case "ith ferric oxide dvst i 
inhalation, No dovbt when iron dust particles ere inhaled for a long period, 
some eases showed somethst proliferated epithelial cel]s on the alveolar 
walls occluded with free ferric oxide dust narticles, but to a far slighter — 
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L: ' i inbaletion of ferric cx ie pereteles: 
a fare of the ies ted al-reo” a Aor vermanent changes of the June 
walls was Petectec. — vL¥ any patholecte al processes occurred, they were | 
Esai thecigd 0 cot nletsiy trat it was almost imossitle to detect 2 
treces of the clusion. Bienes, the euaegtin is that ferric sriee dust 


the Ten ng? 

the saa of the, ‘dust Tebiibretion shan yee! in (esis experimental sath 

anc the author shares their viev that ferric oxide dust varticlés lik : 

are carried about in the free stete bv the lymphatic current, This view 

borne out by the fact that the free iron dust particles are often found : 

E tiled in the inter-tissue substances of the alveol:r "alis, bronchi, and 1 

oMessels. - Only 4 very smell portion of the iron dust particles, if aes Are 
seen ingested by the histocytes or connective tissue cells, . 


Macroscopicélly, the ferric oxide dust particles denosited in the 
lymphatic glands present a somewhat diferent aspect from that of anthracos 
- but the difference lies only in the shade and histologically it is essent: 
- identica) with anthracosis, However, there is one imvortant difference tc 

be note when compared with enthracosis, i.e.: the ferric oxide cust inhal 
ation or injection brings about a far less cust éeposition even when the | 
exneriment was corducted over a long neriod of time, There were no in- _ 
rier ‘rectag hake in which the Fails ere ears were occluded with 


ae apt pnaing upon otrer pecan orgens, such as es, aides. ane be 
med: llae, but found no positive evidence of the ape il of the dust 
adios within them, 
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By 


Dr. Masac ATTA, Department of Pathology, 
Nagoya University, “aroya, 


ee ABSTRACT - i 
(Publishe? in Femoir of Pathology, 10, No. 1, 1-135 (1935)) 
Objective: The whentive of this smnicrtnent was to study the epee: 


nrocess of nnevmoconiosis hy subjecting cuinea pigs to dust inhalation | 
experiments, | } : 


ye eS eS ee ae 


a Fxnerimental Material an? Procecure: 
1. Test Animals: Cuinea pics vere selected because they are 
e-sy to hand}s end highly suscentahle to tubercle bacilli, A total 
of 103 puinea pies (7° females and 25 males) rere divided into 3 
provps; 12 in the Ist grovn, 51 in the 2nd grown and 40 in te 3rd 
eroup. The lst grov* vra- used as contro? and no dust inhalation test 
res given, The 2nd erovn rere given dust inhalation test while those of 
the 3rd grovp were ctiven subcutencous iniection of tubercle baciJl]i- 
after the dust inhalation test res condveted, Aftrr the animals “Sed 
from natural Acath or were killed vith ether anesthesia, their Jungs 
rere oramincd to observe the natholorica] chanres. 
2. Dust Tnhaletion Arparatus: Closed wooden carers designed by . 
the authot rcre used, The Aust ras stirred uo by an anparatus which % 
onerated the bellows at 30,50, and 100 rnm equivalent to wind veloeities — 2s 
of 6-10, 10-15, and 15-29 m/sec, respectively, oo 


3. Dusts Inhaled by Guinea Pies: Aprroximetely 500 g of dust 
vere colircted in two cays from the -treets in “agoya City, Jenan. 
The coarser particles vere removed by sieving with a fine silk 
his Approximately 156 ¢ of the fine narticles were retained 
end us an the inhalation tests 


The dust rag fornd to be zumnoged of the followine substances: 
fine send, clay aie charccal rowder, coarse silica, pulverized 
fibsr fror clothine, tobacco and civare*te narer, match sticks, rinds 

of ueanrts, hairs, cyorus and azslea leaves, stravs, rubber powder, 

’ ed orenge and avrle peelings. After removing the coarser ingredients 
: at sieving, the remainine fine navticles rere ground into a mortar end 
chemicelly analyzed according to Direction No. 20 of Pharmacopeja 
eancnica V. The mean resuits are tabulated in Table I, 
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“hon the experiment vas repeated over 10 times, at wind velocity of 
i5-i¢ m/sec, the animals oresented many pathological symptoms, such as 


weuring emaciated, anemic, lose of skin texture, and “eveloping 
satutrnalic ¢onjectivitis 
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7 The nathological, anatomical aut hiniologtoad rocésess of 
t “~wocontosis artifielally caused in the animals vere eran ned and the, 
“its obtained are summarized as follovrs: 


(2) The dust narticles e6T ented from the street bisbeie 
small amounts of organic matters and the chief onnstituent 
was silicates (#3,173%%). 


(2) Guinea nies rere selected as test animals since they — 
are knorn to be highly susceptible to tuberculosis, | 


(3) The bacillus injected animals vere confined in cages 
~~! and forced to inhale measured amounts of dust circulated | 
; at three different wind velocities. The amount of “ust 
) Case in cach experiment amounted to ebout 42 to 100 g.. The 
j : “number of inhalation tests ree from 1 to 24 times and the 
period of examination of the tubercle bacilli innocuJated 
aninals was extended over a ‘period of 10 to 152 days. 


(4) hen the dust inhalation experiment vas intensely 
conducted, grenter loss of veight was rapidly observed, 
During the first 14 days of the experiment, the | 
animals lost from 85 to 280 g. each, Their temperature 
rose in most cases to 39°C and as high as 40.7°C and 
prior to their death the temperature dropped to 35-36°C, | 


(5). ‘the somulte of the patholoMeb’ atd anntonieal axamtaation i 
Reicks of the tubercular animals, in which pneumoconiosis vas 
artificially developed, may be summarized as sir earpiitic 


; } (a) Whenthe dust vas inhaled in rapid iecounien « pes a 
) | large amount of dust vas intensely absorbed by the 
animals and caused high degree of engorgement or 
even haenorrhage, “hen the dust was inhaled uncer 
less intensity, the surfaces of the lungs shoved 
Cy deposition of dust as black spots in numerous | 
points, In the slide sections, atelectatic a 
) heptizetion colonics vere observed. In some cases 
brownish red or grovish white anemic infarction | 
colonics were found in the lung lobes, The lung 
a ; surfaces vere affceted in varying degrecs, but the 
right pulmonary apex and the tip of the lower lobe 
of the right lungs vere most affected. 


(bo) The size of the hearts vos mostly normal. The livers, — 

Lovever, shoved icterus and their surfaces vere glossy 
in most cases, The kidneys shoved almost no inflam= 
matory changes and the tvo constituent parts vere 


4 


‘clearly Cistirevishable from one another. The size _ 
of the org-ns t2s also nearly normal. 


\ 


Catorrhe) ehanges “ere féund in the a piayisten 


seneee the gratrosintestinal capacity ras reduced | | 
can mostiy filled vith enses. Me 


a) 4 microsconic ex-minction revealed that no pro- > 
nounced pathologicsl changes occurred in the lymph= 
avit vesseis. Only the lymphatic glands in the pul- 
monery hilus vere .ppreciably svollen, Also the 
ant vas found somevhat enlsrged. The bladder 
suatly contained 2 to 15 cc of clenr urine cnd as 
a pry presented no cctarrhal changes, but in s 
number of cases bladder catarrh of advanced stage 
containing turbid urine ras detected. The animals— 
eS often oroduced 2 profuse amount of mucous secretion 
. or bjed tnrouch the nostrils, In some cases hcemor- 
ave in the pleurel cavity res noted and ascites ras 
otterved in isolated csses. 


(6) The pathologies and anatomical exemination of the animals 
, ) whose lunes develoned pnevmoconiosis first vere given 
subcutaneous injections of tubercle beocilli revealing 
the fo loving results: 


The loss of weieht ves considerable. Frofuse mucous 
sooretion tas found in their trochese and scattered 
cuvercements vere Pound in the longs. Numerous dark 
stains vhich vere narticularly pronounced in the regions 
neor the dicnhrogm rere found over the surface of the lungs © 
and jn tne advanced stares they formed Plecky strecks, 

on the slice snecimens, diffused, vet distinct millet- 
aike tubereles vere found and the Jung parcenchvma ras 
atrophy and orentc tn many ecses, The hearts ~ere somevhat 
hypertruchied an° contained larce naum>er of bloodeclots. 

The livers we.e svoller. nud slide specimen shored yellore- 
fen waite proy tubercles, gener:.Jiy as large as millet 

and in so0.ze onsse at Inrze ce linseed. The kidneys vere 
ound uc sonstst cf soft substance and yet the tro con- 
tivrent perces - ere clearly distincuishabie from one 
another, The stomach ond intestines shoved in most ccses 
entarrhedic stcined greyish thite mucous membranes. The 
*ymohatic glinds in the ne!v*hborhood of the Jarrnx vere 
swollen to the size of lima beans -nd fused to form 
pianaduler masres. The milts «ere enlarged and embraced 
numerous millet-like greyish #@ite trbercier, Nase] 
sctarrh vas evidcnt., Small ane larve engorgements were 
observed in the thorax, The spot of injections de- 


5 


Yeport, TID, CHQ, FFC, APO 500, insula 
Pm sos dated a Dec 48 


~ 


» 


"Locus of Impaction 


(7) 


a stripe pattern around the bronchi and the alveoli. ae 


in that portion of the Jung lying near the pleura, eS 
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"*s}o,ed cientrices on the sk2rn ord Gisapneared in 


ate course of time, but in marv cases thoy developed 
op tke epots granular tissues having wilcers of 
vervine sices or fistuions holes which vere found 
by sounding to run deep into the ribs, 


"he results of the hittological examination of the = 
pneuroconiosic lungs sre summarized as follows: § “oS ea 


The amount of the red blood cornuseles in the lung Ses 
ernillaries nnd the lymphocytes ir’ the alveoli varied 
erejtlvy among the animals but the variation coincided 
rourhly with the intensity «nd frequency of the dust = 
inhalation experiments. In those animals that ine pe, 
haled dusts througe five experiments, the small ae 
bronchiel ralls rere found to have different thick- A 
ness in different portions ond their tracts ~ere _ tae 
either dilated or narroved and filled vith 2 pro- uf 
fuse arount of secretion. The desquamation of the 

surface epithelial cells of the mucous membranes a 
“as pronounced, The tract vas often filled vith eis: 
round cells snd dust colis, Animals that inhaled ae 
dust over 10 timcs shored considerable proliferntion = 
of the re®ibronchial connective tissues accompanied Ng 
by the doposition of frec dust particles, The intra- 
alveolar infiltretion of round cells ras cenerally a 
intense nnd fibrous netrorks rere often present. al. 
In many eases the 2lveoli vere conpactly packed ae 
vith erythrocvtes, round cells, and dust cells atd ae 
the kernels of these infiltrated colonies were found 
necrotic in the pulmonsryv peripheries. The cnp- 
illaries ~ere filled with erythrocytes and sometimes 
haemorrhage occurred in their surroundings. The aa 


vroliferation of the elastic fibers "as evident Ag 
in the adventitia of the small vessels pnd also in 
the peribronchial connective tissues. In many of ee 


these casos catarrhalic pneumonia ves developed ia 
the lungs; heptizetion colonies vere often found - 
revealing the presence of dust particles ijn the | 
alveoli of an‘mals undergening more that 11 dust a 
inhalation tests, The n-ettbronechial connestive ee 
tiscues were proliferated in a moderate deprees Loa 
The infiltration of the round cells occurred in ea 


Haemorrhage of the periecapillaries was also pro- a 
nounced and the erythrocytes vere found disintegrated => 


At this point the haemosiderins were often reduced 
jnto smaller particles and present in a free state 
*n the slveoli, Dust cells, embodying the dust 


6 


~~ 


eh agen 
f * + ‘ 


ae es ee 


— 


———wT ee ea ee eee ee ee ea ee 


Se eS ee a 


“se 


; 
4 
: 
} 
3 
; 


|! 


eS a ee ee bias . " 


(8) 


16 Report, TID, GHQ, FFC, APO 500, Subject, "Locus of Impaction 


of partial bleeding, homogenously organized substances 


‘{llaries vere packed with erythrocytes 1nd their adventitia 


but those lungs in which intensive inhalation of dust. 


somctimes found @eposited on the peri-brcnchial. connective 
tiscves. When the animals inhaled a large amount of Guat 
by jacetiiva breathing, a considerable mass cf dust selis 
vere tioound in the alveoli regardless of the Pera 

of the inhalation, 


; 


The seein examination of the lungs of the guinea 
pies that were subjected to the dust inhelation tests 
and tuberele bacillus injection, : ie 


There vas a promounced infiltration of the round cells 
in the smal] bronchi, whose cavities were often occluded — 
or more or less ridened and revealing proliferation 

of the peri-bronchial connective tissues, As a result 


were brought into action in these regions. Numerous 

dust particles and dust erlls vere found in the bronchial 
cavities, Numerous erythrocytes were found within the 
alveolar septa snd numerous desquamated epithelicl cells 
whose mess often caused necrosis in the center of the 
alveoli vere within the alveolar proper. Follicular 
tubercles were found in the engorged alveoli. The cap- 


“ere more or less thickened. There was also a notice= 
able infiltration of perivascular round eclis in the 
capillaries. Wher the animals were made to inhale 

dust particles frequently, the degree of proliferation 

of the connective tissues was higher and the pro- 
liferntion occurred predominsntly in the surroundings 
of the bronchi and its blood vessels, When the tubercular 
processes develoned to o marked extent, the proliferated 
connective tissues became necrotic and "the disintzerated 
connective tissucs vere filled with lymphocytes and | 
erythrocytes. “here tuberculnr colonies bad doveloped, 
the connective tissues rere infiltrated with ronnd cells 
and atrophied, The histiocytes which had ingested dust , 
perticles in the walls of the alveoli. Where the hacm= | 
orrhage occurred to a grent extent, hoemoxiderins vere _ 
found either deposited on the alveolar e7113 or present 
in the slvcoli together vith the dust particles in Whe 
free state. 


The pneumoconiosis lungs in rhich tubereulosts. vas caused 
by the injection of the germs vere generally congestive, 


particles vas conducted were very anemic and the presence _ 
of small black knots were observed on their surface. 

These isolnted knots consisted of round and dust cells. 
and the walls of the surrounding blood vessels vero ene 
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Tapp! cay _oppres favle vumber of proziforation of the: 

connectize tissues weee oftian voserven, het them secicden 

© veanceieated a SAREE ES Tam slastia tissues whick were - 

pro.iPersied gn e© aet Jike fom apreared also in the : 

i nefervorhocd cf the smell brceachi rhere numerous dust 
eels (1d colt eater 


| e (9) The resuite of comparison of the histological studies 

| of the Jungs of those animais which were givon simple 
dust iuhe-eticn treatment end rith those that vere given 
dust inkairtuicn and tubercle bacilli infection treatment — 
altern itely, og 


~ 


The pathological differences betveen the riurie pneums-— 
coniosis and pulmonary tuberculosis arc as folicws: 
Misrescopic studivs of the tro types of Jisenses revealed — 
that cevtain simitarity exiened batwecn thea. Tho tyrberel 
,coused by ike bacilis formed erull knots resemdiiag the — 
“Lymmhofe ilietos thich consistei of a wrasse of ipmphosytes, — 
and the prelivesation of vi onneetize ti sevies of these 
lenows aes rore Aroncunted v siose of npeuresconivsis 

of ecuiralens Cerre:. £5 4 ~estiit, of ihe Preguent: ins: 
hajatioa of duet pactisies. the tvherzte jbejetlaimare under= 
wens ROR ant erorore tion cy fomred carerre *heoura the 
distntegration o: the pererzin ; Ta tic ense of 
pneumosontosis, the capilicrics  ghoved gerssur Ceyree of - 
engorgement ound hie a iat ge men tho ainc] rew  ~ a 
peatediy inhated Gust, bri ia-the tase cf tabercr losis, 
the cngorzeront siagressed ge daslly uitiL in reached 
a certain peint rrhich sercespended to the earcormcenent 
of meciur degree pnearmccoricsais-. “her tac dust *nhelation, 
treasment vas concucted over 76 simes, tha tabercls 
feci became very anenic. | 
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Th the lungs in vnich only mtvor preva cruiosis ras 
devolorec, Various 2etiolopise i crocetucs vere observed, 
narelv, ‘7 ¢hs engorgenors anpeare!d ty ice irritation ig 
of the *ivecler epithelium: and cmatl] hroich’ in the case > 
of sligil cess of pavumcconict4s anc s.tgnt heemorrhaze 
oncurrel spcraulically vith the tafiltration of che round 
ecolls in the nedivm case, trvt the dast ceils capncared 
in the alveolar septa together mita tae ery throes tec 
upon the onset of preumonic, The dt ec iieimet ion of the 
tissues ves noo very orcnoirtca, In these iwgs in vhich 
pneumoconiacis tas comdinsd +r. %) tae sahouthe1ec uF injection 
4 of tubercle bacil:t, the fvilicuier tuverele knots pre 
in tne medium ceser and develope! to such un extent Z 
thet they vere found chiefly in Lhe alveolar spaces and- 
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in the peribronchial connective tissues together vith 
the dust cells, The disintavration of the tissucs 
rere pronounced. The proliferation of the connect‘.¢ 
tissues were genernlly more advanced in the tubercular 
lungs than in pneumoconiosis, 


In the medium eases of simple pneumoconiosis, haemosiderin 
was found present betreen the alveolar epithelial cells, 
but in the tubercular lungs, it vas found Ceposited in 
the cascous residue of the tissues in which numerous 

dust cells rere detected, - 


Revie~ing the numerous nast rorks on the dust inhalation 
disenses, one vi?i note that most of the authors dealt 
chiefly with the chronie interstitial pneumoconiosis 

as the subject matter, Horeve:, as cescribed above, 
artificiel pneuro sniosis vas cansed in the guinee vigs 
by alloving them to inhale street dusts cver extentec 
period of tine (longest period exténded over 152 Gavs). 

It has been noted that rithin a short period after the 
commencement of inhalation, catarrhalic or fibrous 
nneumonia “as develoved anc. even pneumoconiosis cev:Joped, 


The study of the known literature on the subject shovs 
that VIRCHO- believed that the black pigments of anthra- 
cosis entered from the outside and not through the medium 
of the blood vessels, THO!PSON, ZFNCKER, TRAUBF, etc., 

on the contrary, asserted that the pigments were emanated 
from the blood vessels. The author reached the conclusion 
that the inhaled silicate particles reached the alveoli 
and penetrated into the blood vessels and capillaries, 
The dust cells nre then transvorted from the small blood 
vessels by vay of the lymphatic vessels into the lung-~ 
parenchyme and tenosited in between the connective tissues 
as black pigments, 


When the puinea pigs rere given o medium treatment of 
dust inhalation, black dots appeared on the surfaces 
of their lungs and in the case of more intense dust 
inhalation, the surface of their lungs apreared as if 
numerous sesame seeds had been sprinkled. 


“hen a simple dust inhalation was repeated over 10 times, 
the proliferntion of the connective tissues vere observed 
in the smali mass cround the bronchi. When this treatment 
ras comucted for 16 times, the same pathological | 
processes rere observed witn pronounced disintegration 

of ths tissace, “hen pneumoconiosis of medium dcerree 

vas contined vith tuoerele bacilli injection, a pronounced 
rroliferst.ion o°” the connective tissues soon avpeared 

but seldom cansilnsed the tubercles. Nevertheless, the 
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(33) Pieceiesetent p is seldom Karivied: iy inhe! Lation ae pte 
organic dust oarticles. but it is easily developed in 
most cases throuch the inhalation of dust containing 

: inorganic materials,’ These dust narticles are found 

‘ denosited in the desquamated: cells in the bronchi, in | 
; the infiltrating round cells and in the erythrocytes, _ 
vhich left the blood vessels when haemorrhage occurred, 
The cells rhich have ingested the dust particles appeared 
in the alveolar spaces an@d in the case of marked Cevelop= 
rent, the alveolar spaces are disintegrated and the dust 

particles are found jr the free state, The tubercle 
: knots are found chiefly in the connective tissues, which 

; mre have been proliferated around the capillary bronchi, 

| and present s follicular form containing smal] amount. or 

Langhorn's gigantic cells. The denosition of dust part- | 

icles is apparent and in most cases the presence of 

haerosiderins is detectcd in the tubercular lungs combined 
with. hiehly developed pneumoconiosis, 


(14) Fibrosis appears in a slight degree in pneumoconiosis, 
but it appears in a ~romounced decree in the initial stage 
of the tubercular lungs. | anes 


The nresence of the denosited silicates in the Inaes ns, 
ageravates the pathological state of the disease by | 
promotine the proliferation which is liable to lead to 
very eich saishinpincaien ire aus nivasninny 
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| ABSTRACT - oe 
(PubLished in Nablons. Hygiene (Cayan), Vol (2), 672-695 ae) , 7 
A, ONPRUIMENTAL ieutucn: oe 


he Dust Inhating J Awere tus: The Jotten and Arnoldits Dust | 
Tahaloation Appere LG WLS Gio!) oyod, i, rather than other inhalators, because 
of its simvlicity anc sccuraz; in attaining the desired objective, The 
) method was caploy:d in this c:periment with simplications as shorm in 
Figure i. There =s one cefect in this method, as well as in other appara- 
tus, which is the non-3t¢bilitr of the £loe cing dust perticles under tran 
mission, However, the cust innaletion experiment was performed as aceurats 
iy as possible by reculeting the volocity of the transmitted air, — . 


| FIGURE 1. 
Experimental Asparetus for Dust Inhalation 


. Air velocity control cock » Ventilation hole 


th fe) 

3 Mixer bottle, 20 liter caxcity P, Dust stirring apparatus 
C.. Filses containing vee powder Ri, Rotary pump 
Y flew meter S, Filter containing Coney 
fk. Dust meter eatrated HpS0), 
Le Air islet | Z. Inhalation chamber 
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the details of hand ng this rene | are as follows: The setentiy of | 
Soe at..ospheric air is regulated by pinch-cock, A, The air passes throt 
| | filters; S and C, prior to entering the rotary pump, R, and then sent — 
the dust stirrer, F, at a constant velocity, The air conta ining the di 
particles is introduccd into a mixing bottle, B, to equalize the conc 
baa tion of the cust particles to the proper level prior to its entrance: 
into the inhnlation chamber, Z The inhaled air is blown out of the 
tilation holes, 0, installed on the side of the inhalation chamber, A 
rabbit is placed inside the inhalation chamber, Z, and allowcd to inh 
tho dust particies for a fixed period, Filters, S and C, arc provided 
dehydrate the moisture in tho atmosphere and to stabilize the stirred 
particles. K is 2 simple dust gator, which is filled with absorbent co 
(1), small glass bends (2) and suger (3), The meter was calibrated by 
oe the difference in weight between the initial and final weigt 
Reese The author found that a 20 to 30% error occurred when compared with the 
) "TImpingor" method; therefore, an adjustment was made accordingly to adj 
_ the emount of dust by an average of 25%, 


2. The Type of Dust and the Concentration of Dust Particles: | 
type of dust particles and its conecntration under transmission are tabu 
rs lated in Table I, | 


TABLE I TYPE OF DUST PARTICLES AND ITS CONCENTRATIONS 
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Type of D Dust Particles 
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oneshtration ees per 


Conent } 
Calcium hydroxide 
Silicon dioxide 
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3. Chomice) Comr n | his 

ne chonical composition “e the coment dust used ms this experiment . 
tabulated in Table IT and the size distribution of the dust pareaeae im 
tabulated in Table Lice 
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{ Colsawa Oxids, Ca.0 
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Megane sium Oxide, 20 
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} Sulnhu ur eis oxide | 
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3 | TABLE III SIZ? DISTRIBUTION OF DUST PARTICLES 


Size Distribution of Dust 
. NG Peele hee by Perecntage 
Less 3 than si 1 1.0/1.0 to 5.0"| Over. 


q | 4 Test Aniwal anc, the Duration of the Dust Inhalation: The 
| test animals usct for this ceriments were matured rabbits, The dust 
inhalation period for the sal was carrica out for a period of an hour. 
every day except holideys. The maximum duration of the dust inhalation 
for the rabbits was os Hoel 345 hours for cement, 289 hours for sili 
con dioxide, and 1°7 hours for calcium hydroxide, For rabbits which had 
inhaled dust particles for sbout 6 months, a rest period of about 50 days 
wos given and then the cust inhalation was continued. The total duration 
of the dust inhalation for cach type of dust particles and the cause of | 
ocath for cach rabbit are recorded in Table IV. 
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fiyee os 3), ls aa capa amen he Total Duration! Cause of 
, Dust Suspended, |of Inhalation,| Death 
articles | Inh~ iv hL0: L jays hours 
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Sh Mer hd. | 
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Hvrdroxide 


Pneumonia 

Dyspepsia 
“Pneumonia 
Killed 


Pneweonia 
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: dl. X-ray Observations: Although detailed uauiolepiant and ne 
anatoaicrl cbscrvations in the xporLacntal inhalation have been inade in 
the past, no Xeray observations have been made, The observation of tuber 
culosis was made by JOTTEN and his collcagucs in their experiment, but not — 

- Yor dust-lungs by means of Xeray. According to a recent report pertaining 
: to silitotic lung by NASSL/ND (1938), observetion by X-ray was not success- 
ae duc to the fact thet the X-ray image of silicosis in rabbits or othor 
nimals are difficult to judge the size, Even the X-ray picture taken by 
mang author were very difficult in distinguishing the detail changes, : 
However, the occurrence of conspicuous characteristics due to the inhalat 
of various type of dust particles can be made by comparing the changes se 
occurring in the Lung ficld of the animals, ae 


eee 
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-picture taken o1 the 4th cay, whereas a etripe-like shade occurring in aad 


a, Rasbits Which Inhaled Caleium Hydroxide! X-rey pictureswe 
teken of rabbit Numbers 4, 9, and 11 after 28, 30, and 85 days respectively, 9 
.fter coaacneemcnt of dust inhalation, Either no changes were recosnized : 
~i the heart end lung ficla (Numbers 4 and 9) or a slight shede wis observed 
ia the upper right and iniddle lung field (No, 11). This shade appeared oe 
clearly in the ™..ray picture of rabbit No, 9 taken on the 121st day and 
indicated chronic bronchitis or broncho-pneumonia accompanied by obesity of 
pulmonary hi.us and augmentated by the stripe-like shade, Bronchitis gas 
developed in rabbit No, 11 and was clearly noticeable as the duration of |. 
the inhalation progressed, 


an 


o, Rabbits “hich Inhaled Cement Dust: According to observa 
tions of the X¥.--ay victures taken of rabbit No, 1 on the 40th and the 60th 
day after the commencement of inhalation. no change was observed in the 


radiation from the vulmcnary hilus, tcgether with an increase shade of the 
pulmonary hilus, as we]i us « steady obesity of the heart were observed on 
the 60th day. An oijsszvetior of rabbit llc, © was carried out by taking 
Keray pictures on the a5vn. 21st, and tue /.59th days after the commencement 
of inhalatioi,. Mo changes were noued on the picture taken on the Ad5th day, 
but a shade in the upper end middle lung end obesity in the pulmonary hilus 
with conspicuous expansion sf the heart were observed in the picture taken 
on the l2lst day. A high cezree of heart dilation appeared in the picture 
taken on 459th day, particularily on the right side which covered the shade 
in the pulmonary hilus. The strine-like shade running downward combined ie 
and composed a wide band. Although the left lung field was almost invisi- 
ble, excent for the lower nart due to the neart shade, a conspicuous shadow 
in the upper and middle lung field which presented a hive form were obe 
served, Conspicuous shades of emphysema of the lung were observed in the of 
right apex and lower field of the lung. ; res 


ae 


c, Rabbit Which Inhaled Silicon Dioxide; Rabbits Numbers ae 
12, 13, 15, and 18 died within 40 days. Observations of the X-ray pictures 
of their chests showed images of bronchitis. However,,the direct cause of 
rabbit No. 7's death was dysnevsia, Rabbit Numbers 2 and 13 managed to if 
recover from the bronchitis without any attention or care. No evidence of 
bronchitis was ooserved in rabbit No. 2's picture on the 94th day. In the 97 
picture from rabbit “o, 13 taken on the 77th day, a shadow was observed in ‘ 
the upper right and middle lung field, After 241 days, the shadow in the 
right upper and middle fields enlarged and extended to the lower lung field 
where the hive-like shade was observed. The stripe-like shade running 
downward from the pulmonery hilus increased remarkably in number and thick- 
mess with prolonged inhalation of dust particles. 
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In the X~rey picture of rabbits which inhaled silicon 
dioxide, special characteristics were observed as follows: 


(1) In the early state of the experiment, silicon dioxide 
dust particles gave a comparatively harmful effect on 
the lungs, which developed into a chronic condition Br 
after the disappearance of the initial stage, and 
finally showed the characteristic silicotic lune shade, i 

(2) Slight heart dilation and no conspicuous appearance 
of emphysema in the lower lung field were observed, 


2. Pathological Observetion: / s 

Be Macroscopical. Changes in the Lungs: The details of the 
macroscopical observations o° the lungs of dead or killed rabbits are tabu- 
lated in Tables V, VI, and VII, 


b, licroscopi.cal Changes in the Lungs: The microscopical 
changes observed in the lungs ‘were Similar to the macroscopical observe- 
tions, The details are tabulated in Tables V, VI, and VII. 


TABLE V PATHOLOGICAL AND ANATOMICAL CHANGES 
IN THE LUNGS OF RASSITS “HICH INHALED, CALCIUM HYDROXIDE 


Experiment |Duration [| Pathological and Anatomical Changes 

lumber} Period and | of Dust Macroscopical Mieroscopical 

Duration | Inhala~ Observations Observations 
ition, hrs |. NE 


> 17 Feb to Ls No change on sur~ | Greater portion of 
| | 2 Mar 41 face of lungs. Lungs} lung system healthy 
| , (14 days) elastic and bloody | except a small con- 


gested portion. 
Many dust verticles 
in alveolar septa, 
but few dust cells. 
Dust cell in the 
blood vessel. Alve- 
olar s pta, conden- 
ented: 
Same as above 


wore mee Se 


3 Mar to | a4 “Game as above 
Be Mar 41 
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ee 
6 31 Mar to — 36 j| Several tloody and 
ee 13 May 41 { congeetea speckles 
(14 days) 'on lung surtace 


wiich were uavk red 
color, or no other 
changes 


Sate ere: 


ones Oe mmeewee tte reelt 


Lung slightly en- 
larged, but bloody 
color. No change 

in elasticity and 
luster, Several 
parts of lung sur- 
face congested and 
bloody. Speckles of 


Tnhalation 
terminated 
on 24 Nov 


with slight hardnes 


wee SE May to Almost the same as 


13 Dee 41 in the case of 
(207 days) rabbit No. 9 
Inhalation 

terminated 
on 24 Nov 
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miliary or rice size 


mostly in this portio 


monary vesicle wall, 


subject: "Locus of Tinpact 4on of 


Generally, lung tis 
congested and an imag 
of broncnitis appearet 
Dust celis of medium 
size in MG blood 

vessel, No free dust 
particles. A partial 
expansion of the Lung 
in the state of — 


rsema 
Although “Tung svete 
was healthy, partial 
congestion and hemo= 
rrhage, This change | 
was obviously below | 
the pleura where the 
pulmonary vesicle wall 
was condensated, Image| — 
of bronchitis in the | 
lobus inferior. The © 
dust cells gathered — 


filling the lymphatic 
tissue, Collapse of jj 
dust cells were not 
observed, Except for | 
an image which showed | 
a partial collapse of | 
pulmonary vesicle, no 
change of other tise 
sues and cells, Very 
few free dust parti- 
FT ane 
Lacking any ar lung 
changes in the lung | 
tissues, a partial 
collapse of the pul- 


Some vortions vresen=— 
ted emphysema of the | 
lung. Enlargement of © 
lymphatic vessel and 
lymphatic glands, 
Other changes similar 
to rabbit No. 9 


TART? VI PATMOLCGICAL AND ANATOMICAL GHANGES IN THE 
LWEGS OF RAPBLS UNTCH INACLED CEMENT DUST 


ee ee 


ration. 


ar EL LL LS TT STs meee Se ea er A TCE 
--futholozical and Anatomical Changes 
Macroscopical _ Microscooical 
Obseryations Observations - 


Experiment 
Period and 
Duration 


= Faas 


Tungs | dark brown 
with slight hard- 
hess and enlarg.d 
in size, Many pin- 
head sized cement 
| 


ee Oe 


Many dust ‘articles 

gathered around blood 
vessels, lymphatic _— 
vessel, "and bronchus ~ 
where engorgeent by 
dust cells were taking} 
place. Dust cells and | 
dust particles were 

entering blood vesse 


30 Mar 51 
(60 days) 


colored iinute 
speckles both be- 

| low pleura and on 
crevices 


ticles or collapsed — 
cells in the tissues, | 
Condensation and =| J 
bleeding. Some por- — 
tions showed emphy— — 
sema of lungs, Obe-~ 
sity jin lymphatic ; 
tissue and accunula- 
tion of dust oarticles 


and dust cells 


ansudation of la 


meensen> ee 


emphysema of the 
lung in each lobe. 


Pom OL bar At tor. 365 “Lungs hard and — 
2 dul h2 enlarged to re- quid in pulmonary 
| , (459 days) merkable size. Blue} vesicle followed by 
: inhalation brown color, Cement| condensation of lung. | 
‘terminated colored minute A portion ot the dus 
24 Nov 41 to speckles and dark particles isolated in 
15 Jan Ae colored miliary the pulinonary vesicl 
sized socckles on walls, cell wells, an 
surface of lungs cell spaces. Dust 
and crevices, Lita~ | cells apveared in 
phatic gland in large nuiabers. Many 
| pulmonary hilus dust colonies below 
,enlarged to bean the pleura and showed 
‘size and consvicu- | obesity of lymphatic 
ous emphysema of tissues. No collapse 
the lung in both of dust cells and 
| | apeses, Slight lung tissues. ee 
t 
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, APO 500, subject; 


Ta ‘G Wes édacr3e. hanes observed and 
to Lae dlechiaam rem rehage occurred 

ee PSL Os let several points 

Lungs: bloca® Golor.  {Lasze é> portion of 

ed and sft. Himo. tiung heelthy, but some} 

rrlege auc congestec'portions congested andl 

speckles, Abcub 15 jblod, Alveolar septa 

ec, of tranxdated iconcsnreted. Aggrega— 

liquid below the Ition of dust particles 

pleural cavity and dust cells in 

such section in larg 

quantities, Meany aunts 

cells entsored blood 

|vessels, Transudabee a 

liquid in alveolar | 

septa contained many 

dust particles, No . 

einphyseme. of the lung 

and change of the . 

lung tissue was 


larged in size, and septa considerably © 
lacked elasticity, |congested, An vearance 
Many cement colored jof dust cell observed 
minute speckles, _ {to a mrked degree, _ 
some larger than but only few dust par-| 
others. Lymphatic ticles were isolated © 
gland of nulmonary jin the tissue, Dust 

hilus. remarkably cells massed densely 
enlarged to the around blood vessel, 

size of bean, ogo lymphatic vessel, aaa 
sema in the apex of ; bronchus, Such change 
lung to a Ba ay clearly observed be- 
desree, especially, | low pleura eccompanied — 
the superior lobe in, by obesity of the — 
right apex was 50% | lymphatic tissue, an 


image of © partial — ~ 
dust lung colony. No > 
collapse of the dust | 

cells. 
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Sion of the lung 
to the diaphrega. 
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ura Lon Tans le- Observations _ Observetions 
Te reeee | “FO : ars. fp Ree TM Pee pei vn Ae eT SFr ee SRE 

2 10 Feb to Tungs dark -brown ! Images of condens: 


] 
| 21 iliay ea a riacebata and énlargedl wall of the pulmon: 
1 (101 days) in size remarkably. '‘hilus. Many dust ec 

| but, Inked luster jend dust perticles 

ana. elasticity. Many; every yart aggregate 

j dark minute spec'des; in blood vessels, 

i on faces and crevi- | lymphatic ‘vessels, 

ces of superior: lobe! bronchus, Enlargem 

and around pulmonary, of pulmonary hilus, 

nilus. Congestion , but not distinct due 

end blood speckles {to intrusion of muco 

below pleura. Con- jlike substence. Col- — 

Spicuous emphysema jl lapse of cust cells, — 

of lung in both pul- ne tissues, 

monary apexes and larged énd filled 

inferior lobe. dust cells and dus 

particles, Homo- 

irrhage occurred cal 

Slightly. lo occul 

{sion of the blood 

vessel or silicot 
lune.. 


Oe ney ee ER a a me t err Et ere 


Is Enr  % ee 
-2L Vay Al 
(37 days) 


Lungs had compara- Lung ‘issue gencrall 
tively good luster health. Portion of 
with elesticity. pulmonary hilus wll | 
Black minute speck !enlarged and wany dust 
Les below rieura eee uppesred, No 
| oubside ivng and in ! transudatec subst 
4 pulmonary hitus. so jof lung Cells: gee 
aie ee 


SS —e 
laut 


hoasrehAgc of cone ashe of lung, 
gestion. dus; cells m ‘neled 
unto the blooc vesse 

No henovrnres collap 


wold. 
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a. } 22 May oe 
| 30 May 41 
(9 days) 


| 


a 18 J 


Ges days) | 
Inhalation - 


suspended 
between 
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Very few nomorrhages Large number of dust 
and congested speck-} particles isolated 
les in right lung intermediate substanc 
and in inferior 
lobe. The lung 
lacked luster and 
slightly colored 


state of collapse, — 
Other points sane as” 
rabbit No. vs st 


TADSC; ObSSi cai 
and hemorrhage of 
pulmonary hilus, Han; 


Lungs harden ond 
considerably en- 
larged in size, 
lecked luster and 
colored grevish- 
brom. Very many 


symptoms of caphysena. | 
of lungs, Many dust | 
minute black: speck. cclls aad dust partie ie 
les in both lungs, j|¢les in lungs, a por- | 
Pin-head and miliary|tion showed image of | 
sized black speckles collapse, Connective | 
in upner Yegiloiic, tissue cells were min 
which were arrangeu |gled. Dust colonies [ 
in radial pattern clearly observed bel 
from pulmonary hilus|pleura and some oc- | 
Emphysema of lung | ¢luded blood vessels, |_ 
clearly observed on |Obesity of lymphatic — 
upper regions of tissues seen in mar 
both lungs, which 
cxtended to 50% of 
inferior lobes, Me- 
dium degree of 
emphysema of lungs 
on lower and ante- 
rior regions. The 
lower apex of 

right lung adhered 
to diaphregm 


“Sintiar to rabbit 
Wo, Ie. 


dust articles paras 
isolated in ti 


of fella, Decnon of 

condensation became _ 
greater characterized 
by thickening of col 
nective tissue, Ree 
‘nized commencement 
silicotic lung. a 
Similar to rabbit = 
NO, LA. 
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ie RESEARSH CONCERNING INH LATION 
. | yes OF Y1(ROSCUPIC F.RBICN SUBSTANCES 


Part I - EXPERI] ENT ON INHALATION OF 
PTOROSCIPIC FOREIGN SUBST:.NCES BY HEALTHY ANIMALS 


oy. 


Kiy xy2shi HORIGUCHI, Devartment of Surgery, 
Faculty %9f “edicine, Osaka University 


(published in J. Jsaka Ked, Assn. (Japan), 35, 365 (1936) 
A.  SUTMARY: 


| In order to determine in which pulmonary region a ereater amount — 

of inhaled foreign substances (such as soot dust, carmine pigment powder, 

| and zinc oxide candor) settles, the dust deposited in the upper and lower 
pulmonary regions were examined and compared. The inhaled soot dust was 
macroscopically inspected, while the carmine deposit was colorimetrically 
determined, and the amount of zinc oxide was quantitatively analyzed. These 
examinations proved that the upper lobe of the lung contained a greater 
amount of inhaled dust particles than the regions below it and that the 
right lung has a somewhat larcer deposition than the left lung. From this 
fact it was concluded that the upper lobe was more active in the St acd i : 
action than the other regions, . 


Be INTRIWCTION: 


An animal body Mas various organs by means of which the inhaled 
dust oarticles can be expelled, the most important of which is the filtra- 
tion action in the upper regions of the respiratory tract by the ciliary 
motion of the epithelial cells. The inhaled dust particles, adhering to 
the macous membrane, can be dislodged by sneezing or coughing and those 
wrapped in the mucus are expectorated or swallowed. The dust particles 
which have reached the deener brcnchial branching, where the expectorating 
force by coushing is weak, are driven out chiefly by the ciliary motion. 

If the dust particles penetrate any deeper, it enters the alveoli where, 

although a portion of the dust particles are driven out of the body by means 
of exhalation, greater vortion is settled, A portion of the dust particles 
settline in the alveoli is consvmed by the cells to be eliminated from the 
body, and the remainder of the dust particles penetrate the pulmonary tissue. 
The dust particles which have penetrated the pulmonary tissue are carried | 
throuch the pulmonary lymphatic vessel to settle among the tissues under 
the pleura or in the bronchial lymphatic glands. Through such mechanisms 
and functions as explained above, animal lungs continuously perform the 
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auto-cleansing function, However, the disteibation of the dust pkohrceee 
in the various pulmonary regions and the cleansing effect in these be aici 
do not apyear to be uniform, 

In this experiment the animals were made to inhale soot dust, carmine 
pigme..t powder, and zine oxide powder in order to examine the settlement of — 
microscopic forcign particles in their lungs, the difference between the _ 
amount of deposition in the left and the right lungs, and also the amount 
of deposition between the upper and the lower lobes of the lungs. 


os me” 


C, EST ANIMALS AND METH Ds 


The microscopic foreign substances,. soot dust, carmine pigment powder, 
and zinc oxide powder, were inhaled over a period of time by the test ani- 
mals, rabbits, goats, and dogs, 

1. Method of Inhalation: The animals were made to inhale soot dusk: a 
which was prepared by burning a kerosene lamp, allowed to pass througha —- 
3 m flue; and circulated in a well ventilated box 1 meter cube, Carmine 
powder was blow by pressyre into a narcotizing box containing the test 
animals. The ginc oxide powder was stirred up in the air and introduced 
throveh the top of the narcotiszing box. It was necessary that care must 
be taken in oder to see thar the test animals are resting in their dacs 
pose without exerting vndue pressure on their thorax, 


2, Netecrion and Somparison of Inhaled Dust Deposit: The animals 
which inhalca the dust particles for a definite period were killed and 3 
their tract.cae were ligatured at the neck to prevent the escape of the air 
inhaled into tac lungs. tne lungs were opened and the deposition of the © 
foreign, sisstances were mécrosvopically and histologically inspected. *The 
left ana xight lungs, as well as the upper and lower regions of the lung, 
were cudured as to the amcant of dast deposition, Histological specimens 

4 were mice -f the pulmonary hilvs. lymphatic gland and such internal organs 
as the eplean, .iver, kidney, and the lymphatic gland on the anterior wall 
of the aodou'ina. cavity in order to examine the settlement and transition — 
of forcigr. suostances into these regions from the lungs, The inhaled soot 
dust was nacecs:opically inspected: carmine powder deposit was colori- e 
metrically determined; anc the zinc oxide was quantitatively analyzed for 
zinc, : 


D. RESTS SP EERIV ENT: 


om Ge indoi cai and histological observation of the respiratory 
organs enu rarely showed inflammatory changes, The results of the experi- 
minit are tabulated in Table I, 


% 
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a a re — 


Interval Amount of Soot 
between 
aad’ setion | lation ! Last Inha-~ 
Wed PELIOIC, 


st Number, carr 


| fnimai! Trha-- Tnha- 
: t 
‘ 


Oe ee 


Period, | 
per day 


pw saga oon ht een br dieeaeealetntaims von 


i 
Soot! Rabbit | 


Dusti 96 4 10 
10, 6 10 hr. 
0 


ae 
} 
| seating 1 3 1 


- 


Car—| Rabbit Amount of the carmine pow- 
mine | 4 1 3 hr, der deposit could not be 
Pow- 2 Boe made due to similarity of | 
der 3 1 3 hr, the carmine color and the | oa 
8 i. 3 hr, lung tissues. eee 
3 1 > hr. 
4 1 ah. | 
12 1 a 
10 1l a i. | 
| Dog 
i 58 5 | 20 min. ; Re 
Yio a6 16 | 30 min. | | 4 : 


NOTS: (xx) denotes pronounced soot dust deposition and (x) slight deposition 


Neither macroscopic observation nor histological examination detected 
any difference between the deposition of soot dust and carmine powder in 
the lungs. The amount deposited in the left and right lungs as well as “5, ie 

| upper and lower lobes were about equal, although it was found that a slightly 
greater amount was found deposited in the upper lobe than the lower lobe. fen 
When rabbits inhaled soot dust for a long period, the soot dust particles 
concentrated in the Acini and its surface and crevices appeared like a Ya 
leopard skin under m&croscopical inspection, When carmine powder was con- ie 
tinuously inhaled for three hours, its presence could not be distinguished 
| with the naked eye, partially because of the color being the same as the 
lung and partially because there was so little deposited amount. The 2 
microscopic foreign substances, which had been inhaled and deposited in th 
lungs, were eaten by the cells and the soot dust cells began to appear 0 a 
minutes after the beginning of inhalation. Carmine cells also must have 
appeared in the early stage of the inhalation because a large number were 
detected three hours after the first inhalation, Nearly all the free dust 
particles (soot dust and carmine powder) disappeared in the rabbits and 
; dogs three days after the last inhalation, The few free dust particles 
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vere @bnerved to be chiefly concentrated in the alveolar tract, small enone 
« oli resoiratorii space, and the neighboring alveolar space, The dovakae ls 
ment of the dust cells were most pronounced in the interior of the bronchial 
braichings. i'ost of the microscopic foreign substances in the areas 
diet were csecctenstna either in the free state or after being eaten by the 
cells, Therefore, after the inhalation of the microscopic foreign sub~ 
stances ceased, vie amount of foreim dust particles in the respiratory 
duct gradually jJecreased witn the elapse of time. 

The deposition of soow dust cells e>ould be perceived 0 minutes after ; 
the commencem:nt of inhalation, although the amount was very small, in had 
lymphatiseh gewebe of the Acini and in the vulmonary lymphatic glands 
exis*+ins immediately under the mucous membrane of the trachea. The inhaled 
forzign substances reached the lymphatic gland of the pulmonary hilus six _ 
hours after th© commencement of inhalation (Rabbit No. 6). As the time av 
elapsed, the amount of yvoreign substance in the lungs and pulmonary lympha- 
tic glands gradually increased and were found deposited in either the medul- 
lary or the cortical portion. Although the amouct of foreig substances 
deposited in the lymphatisch gewebe was very small compared with that in 
the lungs during the carly siages of inhalation. the retention of the 
foreign substance in the lymphatisch gewebe was long. 

It was very-difficult to macroscopically and histologically compare 
the amount of microscopic foreign substances deposited in the left and 
right pulmonary lymphatic glands due to their position and connection with 4 
the lymphatic vessels. The lymphatic glands in the abdominal cavity and 4 
the anterior abdominal wall of the dog and the entrails, such as the obs 
spleen, and kidneys of rabbits and dogs, were inspected and it was found — 
that the carmine pigment or soot dust particles did not exist in spite a 
the prolonged inhalation. 


da 


2. For the purpose of accurate comparison of the left and ths right 
lung as to the deposited amount of carmine pigment, the carmine colorimetry 
test was performed and it was found that the amount of carmine pigment depo- 
sit, capable of colorimetric detection, was comparatively large. The colori- 
metry test was carried out with samples from each pulmonary lobe, but the 
method was unsatisfactorv, unless the amount of carmine pigment inhaled was 
sufficiently large, due to the fact that the color of the tissue when trans- — 
ferred to the ammonia solution obscures the carmine color. Therefore, the 
results of this colorimetric test can not be relied upon, but the method 
is far superior to the macroscopic or histolozic method for comparing the _ 
amount of carmine pigment deposited in the left and right lungs. f 


The results are tabulated in Table IT. 
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j oar {fnhala j ImhaLat sion . 
| \ndsal Feta ‘Time per Inhalation and | 
“Nw.ber_ days: | vey, hours | Death 
| Raboit | 
2 days 
1 day 
immediately 
4 days 


Fe ON As “shown in Table II, the ratio of thc carmine deposit between the % 
. and the right lungs is 1.0:1.0 with a deviation of approximately 0. ol —— 
i teas of the time which elapsed after the SnD RET SR » % 
. Zinc oxide: In order +o wake sure taat the quantitative analys 
of zinc oxide was suiteble for th: purpose of this experiment, a prelimina 
_ test was verformd, end the results, as shown in Table TII, were obtained 
i.e. wher ar ashless filter paper is usdd, 9h,2% of the addéd ‘zinc can be 
determined by quen titative anaivsiss; when 1 © sample of dehydrated lung 
tissue vnex,vsed to zinc oxice was tested, no zinc could be detected; but — 
when zine was added, 90.5% to 92% of the added zine can be recovered, Thus 
this prelimirary test proved that the quantitative determira tion for zinc 
was: satisfactory. 


. 


TARLE fit 


Zine oxide added | Zi 
Samle 


[ismess filter peor, 1 shect | 


“Detydrat ed lung tissue, lg 
(unexposed to zine. 1 g 
oxics dist) . leg 
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“Mectoseceteel and histological inspccetion of the respiratory systom 
of dogs and goats disclosed no inflammations when the animals were made to. 
inhale zine oxide dust. Yowever, immediately after tho inhalation, a 
secretion containing zine oxide was notcd in the trachca and bronchial 
cavity. A arge quantity ui zine oxide deposit was found in the interior — 
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a” the br-achial branchings, Most of the zinc oxide in this cavity disappeared 
' aos after the inhalation, The results obtaincd wore the same as in the 

¢ se of the carmine pigment inhélation. However, the zine oxiuc, which settled 
in the Aeini was very fine and white, was very difficult to detect either 

mucroscdpically or histologically. ! 


Table IV shows the result of the comparison of the amount of zine oxide 
deposited between the upper and lower regions of the lung and also between 
the left and right lungs. In the case of the zoats, the amount of zinc oxide 
deposited was creater in the right lung than in the left lung, the former 
being in the ratio of 1.0 to 0.9-1,.0 to the latter, «Also the upper lobe 
contained a slightly larger amovnt of zinc oxide deposit than the lower, 
the ratio of the deposited amount betwcen the right upper lobes and the 
right central, Lower, ard mediastinum l>obes (or between the left upper 1 >be 
and the left lower lobe which included the left central lobe) was 1.0: 0,8-0.9, 
In the case of the dogs, the ratio was approximately the same as in the case 
of the goats, 


TABLE IV - ZINC OXIDE INHALATION EXPERIMENT 


Ratio of the Deposited Amount 


Animal 

and 
Animal [Inhalation] Inhalation |& Mediastinum 
Number | Period 


Dog 1 30 mins. 1.0/0.7 
2 30 mins. 1.0/0.7 1.0/1.0 
ay 30 mins, 1,0/1.0 1.0/0.9 
laverage for dogs 1.0/0.9 1.0/0.9 | 1,0/0.9}1,0/0.9 
‘Goat 24110 mins, |immediately | 1,0/1.1 1.0/1 41 
immediately 1.0/1.0 1,0/0.8 
9} 2 hours |immediately 1.0/0.9 1.0/0.7 
3] 1 hour 28 hours 1,0/0,8 1.0/0.9 
1h} 4 days 30 mins. 1.0/0.9 1.0/0.9 
(70 mins.| ' | 
per day rept 
1G 2 hours 3. d4ys - | 1.0/0.9 1.0/0.9 
ty BIRGER RBG IGN i 
{Average for goats a [1.0/0.9 1.0/0.9 | 1.0/0,9}1.0/0.9 
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Pa sehr summarizes ths results of the experiments acid concludes | 
+. + tro greatest amount of dust deposition occurs when (1) a large amoun 
of dust is inhalec, (2) the expectorated amount of dust particles is smal 
comparcad to the amount inhaled, and (3) a small amount of the dust parti- 
cles deposited? in the svstem is removed through the lymphatic glands, 
‘These conditions are greatly influenced by the respiratory movement of bi 
| Peery vesiclos, 


Coe ae this experiment, ‘it was found that the foreign bakstaracn soot _ 
dust, carmine pigment, and zinc oxide powder, were found to settle in the | 
‘right lung in greater amount than the left lung, ane Abe upper Lobes a 
ent a greater amount than the canal lobes, 
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Part TI EXPERIMENT OF LUNGS ATROPHIFD PRIOR 

TO INHALATION OF MICROSCOPIC FOREIGN SUBSTANCES 
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Dre iisveyoshi HORIGUCHI, Department of Hygiene, 
¥acult; of Medicine, Osaka University, Osaka 
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<pablished in J, Jsaka Med. Assn. (Jagan), 35, 547-551 (1936) 


A, SUMUARY: 

A test animal, whose lung had been atrophied by such treatment — 
as pneunothorax, ohrorniecctony, and thoracoplasty, was made to inhale micro- 
scopic foreign substances. Both lungs were examined upon completion of the — 
experiments by methods mentioned in Part I for the settloment of inhaled 
forcign substances, Through this examination it became known that in those 
pulmonary regions where the respiratory function had been diminished by the 
above-mentioned atrophy a comparative ‘ly small amount of inhaled foreign : 


. 


B.  INTROOCTION: 


In Part I, the author reported as a conclusion of the dust in- 
halation cxperiment with healthy test animals that the inhaled foreign j 
sibstances settled in the right lung in a ereater degree than in the Left 
and that the upper lober contained a greater amount of dust deposition 
thon the other regions below it. 
i In this oxperiment, the lung of the test animal was atrophied prior — 
to the inhalation of dust through such treatment as pnoumothorax, phrenicec- 
tomy, aad thoracoplasty to determine the influence of such treatments upg 
‘tie settlement of inhaled fore: ign substances in the lung, 

Zi 1907, WIIMIYA, while ative under Dr. BRAUER, observed that very 
little of the inhaled coal dust perticles settied in the atrophied lung. — 
KIMA, who had.performed 4 similar experiment, reported that in the case OLN 
Lae rabbits, the atrophy pronouncedly reduced the soot dust deposition, 
but the influence of atrophy on dust inhalation wes nov very appreciable 
te se of dogs. KUWA explained that the difference between the dogs 
cid wabhits are due to vhe difference in toughness of their mediastina 
aad to the variation in the function of their thoraxes in regulating the 
respiratory motion, 


0, METHOD OF EXPERIMENT 


Adult rabbits, each weighing 2-2.5 kg and goats, each weighing 
6-10 kg were used as test animals, After one of the two lungs was atro- 
phied, a test animal. was made to inhale microscopic foreign substances, 
suci as soot dust, carmine plement powder, and zine oxide powder, The 
test animals were killed after lapse of fixed period of dust inhalation, 
Both lungs were extracted, immediately after their death, to examine the 
difference between the atrophied and normal lung with respect to the amount 
of inhaled microscopic foreign substances, 


Yethods used to make the test animals inhale the microscopic foreign 
Substances and the method of comparison of the upper and lower lobes and \ 
the left and right lungs were conducted as inentioned in Part I. Pneumo- 
thorax, phrenicectony, or thoracoplasty was performed on the test animals 
_ as follows: | 


1.  Pneumothorax: The test animal's body was fastened so that it 
could not move and the pneumothorax operation was performed under sterie- 
lized conditions, At first 30 cc/kg body weight of air was administered, 
In the case of rabbits, air was admitted and changed at intervals of 6 
days with the admittance of 30-0 cc of air at one time, 


2.  Phrenicectomy: The kth and 5th cervical nerves were closely 
examined to locate the phrenic nerve which was followed up to the angulus 
venosus where the phrenic nerve was pinched and extracted, Since the big — 
nerve root, starting from the 5th cervical nerve of the goat, lies deeply 
buricd among the musculus oblique, the extraction of the phrenic nerve was 
carefully performed without harsing the other nerves. 


3. Thoracoplasty: Thoracoplasty was performed according to TAKEDA's 
method. The synchrondrosis after the costotomy was unsuccessful in the 
ease of goats due to the cartilagine property of the costa and the respira- 
tory movement. Therefore, the costa only was cut and 3 to lt cm of both 
ends were folded with one upon the other and tightly bound with aluminum 
bronze wire, 


D. RESULTS OF THE EXPERIMENT 


1. Soot Dust Inhalation Test: The over-all results, of the soot 
dust inhalation experiment are shown in Table J, According to the macro- 
scopic and histologic examination, the atrophied lung contained definitely 
smaller amounts of soot dust deposition than the other normal lung, Although 
the upper lobe of both lungs, atrophied and normal, and a greater amount of 
soot dust deposition compared with its lower lobes, the actual deposited 
anount of dust particles was less in the atrophied lung and the degree of 
reduction varied with the method of atrophy. 
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In the ease of artificial pneunothorex, the depozited pene of 8007 
dust particles in the atrophied lung wae evenly nece sad segardicss of the 
region, Tue ratio of the deposited amonnt of sect dust nebiicics Letreen 
the upper and the lower lxt¢63 war the same as in the vase of nealtly : 
mals. in the case of phrenicecicomy, the cirference in tie Seposilwon 
between the upper and iowez tcbes oF the atrcphied lung became aporeci 
marked, with the upper lwo< tontaining a mvch meater amovns of depos: 
In the case of a: the creas t wall was ver tically upbeaved in 


With the upper and his lover Loves imnediateiy benahd ~he “upheaval bein: 
directly pressed, the pvlucnary regions thus pressed became evacuated a 
contracted, Consequentiy, the nena rigs bepetaians cous not be agi in 


in the central lobe which was not ‘directly piassed Ge 


~ 


TABLE I - DEPOSITION OF S0OT DIST PARTICLES IN 


THE ATROPHIED AND A RMAL LUNGS OF iMBDITS 


— ee re ree ae sme a <a 


RR mw ae oo 


chess s-NAn Weeraacabets RRC; Neural a panei Gna + ener 


| tears acn of Soot Dist 


Interval | Intervel L Denositioan “a 
fethod o between | tetreen |} caccauaaael Gta) Norial) oe 
- Atrophy | Duration} Inhala~ |Atropi | Lasi In- | | ied Up-~ | Jorer 
and at tion Per-; auc a ation } t20.-| or- per Lebe| .Scbe | 
Rabbit | Inhala~ {iod per | Death, | end Deatarhied mel | Lower | Lower 
Number | tion,days| Day, hrs.| days dzys Bangi dung) Soa Aobe 
spaeiere, UGE Samra iha Oe mie. pestaessed aah Ss Sse nar Gates ie naa Rae nee sia ahaa 
Pneumo- . a | neon en e.9) 
thorax } | 
109 Sf) Ab 8 | eames dey fe | a 
97 aCe ee ae f = | # */~ 
98 ae | age oe eh 
Phreni- | . 
cectomy } 
120 4 1h + /- 
12h a » 8 yh eae % fe 
125 k 8 20 a 2 aoe we x) 
‘\  . Thoraco- eg | 
plasty 
650 3 | 1h “ie same day ~/s 
651 My 8 > is eee | OY a 
652 Cae Oe aye 1 x/- 
pcepyed sas alg le i Reese's al bs yom pleased i ecilanlb see 


NOTE: #* denotes pronounced soot dust deposition 
- denotes slight soot dist d3positicon 
Y (x) Right luup wes atconaied ia every case 
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Reeeidiaee of hs atrophy methcd. tuc doacsited on 
particles in the tedtcon he ot “the atrophic qo ng Was : peel ee 
to that in ths same region of tse healthy lung. The ch Ho = 


_ histol.-ieal changes in the ctrep nied Junge, bws tedueue “che Ceposited 
amount of inhaled dust particles, he: ‘i 
2. Carmine Pagmert Inhalation Tess: “he carmine >igment inhalation 


test was performed on raoni ts WHOS ¢ jungs had been previously atrophied, 
The amount of depcesitel c.rm ne pigment was cetermined by the colorime: 
test and the results are tepclate? Sm iacke TT) 


: TARLR Il - DRPOSTYTON of CRA NY PTCeaTY IN THE 
ATROPHIED AND NORMAL ZUNGS OF RABBITS 


emt tae 


ng a sere cnenmnnetese 
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Ratio of Carmine | 


Method ‘Interval Interval | 
of | Duration ibetween | between: Pigment De 
Atrophy of ‘Inhala- - Atrophy | Last In- : 
and | Inhala- tion Per-! and |: halation j Atro- 
Rabbit! tion, | iod per | Death, |and Dea th,| phied |Atrophi.ed! Normal | 
Number | hung Lung 


Pneumo- 
thorax 


Day, hrs. days __ days oe BANG: 
‘AS 
oe | 
age dayisame day 


2 
2 ———— 
{ ; 
Ll : 
a ose | Same day 


same day 
same day 
same day 


Tn the case of pneumothorax, the reduction of the carmine deposit — 
in the atrophied lung is very pronounced when the earmine pigment’ inhala- 
tion was made imhediately following the atroohy. When the inhalation is 
commenced some time after che atrophy and ‘he animal killed after lapse 
of sevcral days, the deposition of carmine pigment in the atrophied lung 
was not so marked) In the case of phreniccctomy, the carmine deposit in © 


‘ . * 


\ 
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the atropyicd lung was small compared to that in the normal lung. Unlike 
the cuse <f pneumothorax, the time interval from the atrophy to death or Be. 
fror the last inhalation of carmine pigment to death appeared to have little 
"ence upon the amount of deposition. The deposit of carmine pigment in © 
the atrophied lune was from 40 to 60% of that of the normal healthy lung, a 
in ordur to determine the diiference in the deposited amount among the vari- )\ 
os pulmonary lobes, the lungs of the rabbit No. 813 was divided into three a 
p vet's i.e, the first part. consisting the right upper, central and lower 
lobes, the second part consisting of the mediastinum lobe, and the third oe 
part consisting of the left upper and lower lobes. The ratia of the Jae 
dep »sitc.d amount of carmine pimaent among these three parts was 1,0 : 1,8 A 
: 2,6/ Through this ratio a comparatively small deposit was contained in “2 
the right lung which was atrophied, but the mediastinum lobe contained a 
larger amount in comparison with“ the other: vtlmonaiy regions. of the right : 
lung. The reason for this is considered to be as follows: Although the ee | 
mediastinum lobe belongs to the right lung, anatomically a portion of the oi 
mediastinun lore projects into the left pleural cavity so deeply that even a 
after the right diaphragm has stopped moving, the spatinum médiastinale is 
able to continue its respiratory action by movement of the left diaphragm. 
In the case of rabbit No, 86, the left lung was subjected to phrenicectomy 
and aS @ cons.quonce the carmine cust deposition in the atrophied lung 
decreased to 0% of that of the normal lung. From these experimental facts, 
it can be concluded that the influence of phrenicectomy upon the deposition 
of dust particles is nearly equal in the left and the right lungs and if 

any difference docs exist, the difference is due to the position of the 
spatirum mediastinale. : 


In the case of TAKEDA's method of thoracoplasty, the atrophied organs 
also decreased in the amourt of carmine pigment deposit. The influence 
or thoracoplasty upon the deposition of carmine pigment varied with the 
deerec of costal contraction, When the right lung of rabbit No. 86 was Bees 
atrophied through thoracoplasty, the ratio of carmine pigment deposition 
in the var‘.ous lobes was as follows: right upper lobe, 1.1 : right. central 
lobe, 1.5 : right lower lobe, 1,0 : spatinum mediastinale, 1.5 : left 
uppers lobe, 1.) : and left lower lobe, 1.2. In the case of the thora-— 
cxylasty, the pulmonary region where the costa is especially shortened, 
io, the r+as racjon of the lung, was markedly atrophied while the frontal 
pulmonary region, especially the central and the spatinum mediastinale 
lobes, Deecme eaphysematoas with increased alveoli pulmonum, 


3. «sine 26.69 Inhalation Test: The results of the experiment on 7 aa 
goats which inkaled siac oaido dust after the lungs were atrophied are ae 
Termiunetec jx) Tas Osi. 


incl 15, Report Tip, CHQ, PBC, APC 509. subject: “Iocus of Impaction of : 
Particulates," dated 15 Dec 48 Bs 


TAGLE TT] - DEPOSITION OF ZINC OXIDE DUST IN THE 
ATROPHEED AND NORMAL LUNGS OF GOATS 


cae a ante 
| | 


Ratio of Zine Oxide 


Deposit 
“ethod ; Interval | Interval Atroe 
dT Duration | between |} between phied i} 
Atroohy | a _Inhala- | Atrophy Last In- Upper —~ 
; and Tnhala- | tion Per- and halation {Atro-| Nor-| Lobe ‘ 
Goat tion, jiod per {| Death, jand Death, |phied| mal | Lower | Lower” 
Number 


Pneumo- 
thorax 
1 ks 
Phreni- 
cectomy 


days ee hrs.) days days Lung {Lung} Lobe Lobe 
—— SSRI aE SERRE GaaeRRERARRENE 


same dsy 1,0/0.9| 1.0/1.0 
a ea ian: ae Ride IRR . 
2 0.7 1.0/1.5] 1.0/1.0] — 


same day | 0,8 | 1.0}/1.0/0.9 1.0/0.8] 


| 
| 
1 es Cay 
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ee ee ee 


Thorac 
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be 20 


same day 
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Table III indicates that the amount of zine oxide deposited in the 
atrophied lune is small compared to that of the normal lung on the oppo- 
site side, the former being 0% of the latter in the case of pneumothorax, 
70% in the case of phrenicectomy, and 80% in the case of thoracoplasty, 

Jn general, the uorer lobe contained a larger amount of deposition than 
the regions below it. Except in the case of phrenicectomy the lower lobe 
contained more than the unper Lobe due to the position of the spatinum 
mediastinalc, 


Be UMMARIZATION AND DISCUS STON: 


Lung atrophy aims at the relaxation or repose of the lung. This 
relaxation or repose accompanies the reduction in the volume of air inhaled | 
into or exhaled out of the alvooli, It is reasonably presumed that this. et 
change in the volume of air in the respiratory system must produce some 
influence upon the settlement of inhaled foreign microscopic particles. 
It is very interesting to re-examine the results of this experiment by 
taking this view point into consideration, 


It is apparent from the results of the researches conducted by many 
medical men with X-rays that the pneumothorax fills the pleural cavity 
With air and presses the lung toward the pulmonary hilus. In the soot 
dust and carmine pigment inhalation test, the cxporiment proved that pneu- — 
mothorax greatly diminished the dust deposition in the atrophied lung in 

| 6 
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cCoanari3on With the healthy lunr, Macroscopic observations revealed that 
the upvor lobe of the atrophied luiug contained a larger amount of dust 

des sition than its lower lobes, The carmine colorimetry test also con- 
firicd this fact; and it was ascertained that the ratio of the deposit 
between the upper and lower lobes of the lung atrophied through pneumo- 
thorax was the same as that of the healthy lune, This coincides with the © 
conclusi ms obtained through clinical study; i.e. the pneumothorax: presses 
the pilmonery tissue towards the pulmonary hilus. When the period between 
th porformancs of pneumothorax and the inhalation of foreign microscopical 
substarces is long, there is less appreciable rdduction of dust deposition © 
in the atrophied lunt, This also corresponds to the clinically and experi- 
mentaliv proved facts that the air stored in the pleural cavity through 
moumovlioraxy is pradually absorbed, with the atrophied lung recovering its 
nornal and healthy condition, Thus, throueh this observation, it can be 
state? that. the Jooosited amount of inhaled foreign microscopical substances 
is »roportional to the alveolar expansion or contraction of the lungs, 


There was no notable relationship observed between the reduction of the 
dust deposition caused by phrenicectomy and the time interval from the atro- 
phy to death or from the last inhalation of dust particles to death. This 
indicates that the lung is atrophied immediately upon the performance of 
phrenicectomy and the atrophied lung can not recover its normal condition, 
When phrenicectomy was performed, the lower lobe was most effectively atro- 
phied, whereas the spatinum mediastinale lobe was only slightly influenced 
due to its anatomical structure, 


In the case of thoracoplasty, the atrophy reduced the dust cepoe 
only to a slight degree, 


Be. CONCLUSIONS: 


When the lungs of healthy goats and rabbits were atrophied, the 
settlement of the inhaled microscopical foreign substance was influenced 
as follows: The pulmonary region where the respiratory function was im- 
ecod to the preatest degree contained a small amount of dust deposition; 
while the regions, whose respiratory action was only slightly weakened, 
possessed a comparatively large amount of dust deposition, In the case 
of oneumothorax, although the actual amount deposited in the atrophied lung 
was reduced, the ratio of the dust deposition among the various pulmonary 
regions of the atrophied lung was the same as that of the other normal lung. 
In the case of phrenicectomy, the central and the lower lobes contained the 


sm°llest amount of dust deposition. In the case of thoracoplasty, the effect 


of atropny was not apyreciable, 
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RESEARCH CONCERNING INHALATION OF 
MICROSCOPIC FOREIGN SUBS TANCES 

: . Part Jf] EXPERIMENT OF LUNGS ATROPHIED AFTER 

INHALATION OF MECROSCOPIC FOREIGN SUBSTANCES 


by 


: Or, Kiyoshi HORIGUCHI, Department of Hygiene, 
; Faculty of Medicine, Osaka University, Osaka 


(published in J. Osaka Med, Assn. (Japan), 35, 663-668 (1936)) 
A. SUMMADY | a 


Yhen a lung of an animal was atrophied after inhalation of micro- 

scopic forcign substances, the pulmonary region, whose respiratory function 
; was curtailed due to the atrophy, contained a large amount of inhaled foreign 
) substances, | 


B,  INTRODUCTEON | he 


The author reported the experiment regarding the inhalation of 
microscopic foreign substances by healthy animals in Pa¥t I and the experi- 
ment regarding the inhalation of foreign substances by animals after their 
lungs have been atrophied, 


In this experiment, one of the lungs of the animal, which had already 
inhaled ti: microsceo,ic foreign substances, was atrophied through either 
3 pnevactaorax, vhrenicectomy, or thoracoplasty to examine the settlement of 
the inhaled microscopic foreign substances into the at¥ophied lung. 


3. PST00_OF EXPERIMENT 


. Rabbits, each weighing 2—3 kg, and goats, each weighing 7-16 ke, a 
were used as the test animals, 2 i. 


After the animals inhaled microscopic foreign substances, such as$ 
soot dust, carmine pigment, and zine oxide, one of its Two lungs was atro- | 
phied. Then, after elapse of definite period of time, the animal was killed 
19 cetermine tne amount of the foreign substances deposited in eabh lung... 


The motnod used to make the animal inhale foreign substances and the 
method for comiring the deposited amount of foreign substances were the 
same as in the experiment with healthy animals as explained in Part I. 
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". RESULT OF EXPERIVENT 


+ Coal Dust Inhalation Test: The results of the experiment in 
wl ich a lung of the test animals was atrophied after inhalation of soot 
aed t particles are given in Table I. | 


TABLE I - DEPOSITION OF COAL DUST IN THE LUNGS 
OF RABBITS FOLL WED BY ATROPHY 


DD Comparison of Soot 
Dust Deposition 


Vethod | ae 

of “Inter- | First 

Atrophy Inhala- val Inhala 
and Inhala- |tion TimejAtro-j] from {tion to Nor= 
mal 


Atro-= 
Animal jtion Per-|per Day, |phiedjAtrophy {| Death,} phied 
Number fiod, days} hours jLung {to Death} days | Lung 4 Lung} Lobe { Lobe 


Sees 


Pneumo-~ 
thorax 
102 6 10 6 # 
108 7 10 8 a 
103 hy 15 10 # 
109 3 1h 15 * 
99 3 1h 32 # 
Phreni-+- 
coc tomy 
eee so) h 8 6 % 
112 h 8 6 + 
113 in 7 9 * 
a 602 hy 6 right|1h days 7 ~ 
| Thoraco-- | 
| plasty 
1 3 16 right] 6 days % ale | afer 
552 a 16 rightj10 days + fu] /m 
553 uy 15 right {23 days # t/- | f= 


NOTE: +* denotes pronounced soot dust deposition 
~ denotes slight deposition 


The deposition of soot dust particles ir the atrophied lung by either 
pneumothorax, phrenicectomy, or thoracoplasty was greater when compared with 
that in the normal lung. This is due to the fact that the atrophy reduced 
the air volume in the respiratory system and impeded the expectoration of 
the inhaled dust particles. The degree of deposition of dust particles. 


2 
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‘ae degree of deposition of dust particles in the various pulmonary regions 
veried with the method of atrophy, . 

In the case of pneumothorax, the upper lobe contained a greater amount 
9; soot dust deposition than the other regions. Pneumothorax atrophies the 
lung towards the pulmonary hilus and contracted the pulmonary region equally; . 
thus the ratio of the deposition amount the various regions of the atrophied 
lung was the same as the healthy animals, In the case of phrenicectomy, the 
settlement of foreign substance was especially noticeable in the lower lobe 
when compared with the upper lobe where the deposition of foreign substances 
was undistinctive. This is considered to be due to the fact that phrenicec- 
tomy atrophics the lower lobe in the greatest degree and consequently the 
rate of expectoration of the foreign substances inhaled into the lower lobe 
is greatly delayed. In the case of thoracoplasty, soot dust deposition was 
comparatively pronounced in the upper lobe, 


2.  CGarmine Pigment Inhalation Experiment: A lung of the test animal 
which had inhalcd carmine pigment powder was atrophied and then the amount 
of carmine pigment deposited in both lungs was measured by means of the 
colorimetry test, The results of the experiment are tabulated in Table II. 


TABLE /II - DEPOSITION OF CARMINE PIGMENT IN THE 
IUNGS OF RABNITS FOLLOWED BY ATROPHY 


s Interval] Ratio of Carmine 
Interval from Pigment Deposition 


from First 
Inhala-~ Atrophy | Inhala- 
Tnhala- | tion Time to tion to } Atro- 
tion Per-- | per Day, Death, Death, | phied {Normal 
iod, days hours days . days Lung Lung 


Method 


i 3 3 2 2 1,0 0,8 
1 5 iN ky ke 0.9 
2 4.5 5 6 iG 0,8 
-——— " 
Phreni- 
cectomy 
i 3 2 2 2 
5 0.5 3 7 
3 1 7 
Thoraco- 
i wlasty 
A Dh 2 : left 5 6 
19 3 oo 0.5 right ps Be 
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The 


pealts of this Pienhe coincides with the results of the soot dust 
Lunalation test. 


3. ine ‘xidc Inhalation Test: A Yule of a test animal, which had 
inhaled gine oxide powder, was atrophied and the amount of zinc oxide dust 
deposited in the lungs was measured. The results of the experiment are. 
tabulated in Table III. 


The atrophied lung of the goat contained a greater amount of zinc oxide 
deposition than the other normal lung. In the cases of pneumothorax and 
shrenicectomy, the difference in the amount deposited between the upper and 
lower lobes of the atrophied lung was similar to that ascertained in the 
author's experiment with healthy animals. However, in the case of thoraco- 
pasty, the lower lobe contained a larger amount of zine oxide deposit, 


TABL? ITIL - DEPOSITION OF ZINC OXIDE DUST IN THE 
LUNGS OF GOATS FOLLOWED BY ATROPHY 


Ratio of the Zinc 
Oxide Deposition 


Method Tnhala 
of tion 

|A trophy ‘Inhala-! Time 
+ and | tion per 


Goat |Period,| Day, 
Number | days jfhours 


es ahaa saeenililaipia-eeel 


j2ncumoe 
thorax 
15 : 1 2 
Phreni-~ 
c. ctomy 
11 hy a 1.0 |0.7 
i2 1 h if 140 11.0 
Thoraco= 
+ plasty 
7 1 2 right} 2 2°} Wn 41,0 11,0/1. 0.07 
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_ Atrophy reduces the weight of the treated lung. The weight of 
the lung is an important factor in determining the amount of zinc oxide 
dust particles in the lung. Therefore, the fact that the atrophy changes 
in the weight of the treated lung mst be taken into consideration in 
determining the amount of zine oxide deposition, Lungs of 11 healthy 
goats were dessicated to determine the weight ratio between both’ lungs. 
The arithmetic mean value of the weight ratio between right and left lung 
was 1.39 : 1.00 with a maximum ratio of 1.55 : 1,00 and a minimm ratio 
o2 1.30 : 1,00, In order to determine what changes the atrophy caused 
in the weight of the treated lung, the following experiment was carried 
wut: 


le Pnoumothorax: hen the left lung of goat No. 18 was atrophied 
through pncumothorax, the weight ratio between its two lungs was 1.39 : 
1,00, However, in the case of goat No. 15, which was left untouched for 
2 days after the atrophy and then examined, the ratio was 1,3) : 1,00 
which is approximately the same as arithmetic mean value. 


2.  Phrenicectomy: The right lungs of 5 goats were atrophied 
tarough phrenicectomy to determine the weight ratio between their left 
aud right lungs whose arithmetic mean value was found to be 1,28 ; 1,00, 
a deviation of approximately 7% from that of healthy goats. In the case 
o* goet No. 11, whose left lung was atrophied through phrenicectomy, the 
ratio between the right and left lung was found to be 1.52: 1 200, a devi- 
ation of approximately 9% from that of healthy goat. 


3.  Thoracoplasty: When the left lumgs of 3 goats were atrophied 
bs taoracor¢lasty, the weight ratio between the left and right lung was 
> 4. ¢ 1.00, a deviation of 1.4% from that of healthy goats, 


When this value of weight change of the atrophied lung is compared 
with the mumerical results of zinc oxide deposition as shown in Table ITI, 
71% can be concluded that the decrease in the weight of the atrophied lung, 
Lugeif, is not the sole reason for the increase of the zine oxide deposi- 
tion ration in the atrophied lung. For instance, the deposition ratio 
o* the atrophied lung increased by 20% in the case of pneumothorax, while 
tie weight of the atrophied lung was scarcely decreased from that of 
nialthy animal, Jn the case of phrenicectomy, the ratio of the zinc 
exide deposition in the atroohied lung increased by 30%, while the weight 
of the atrovhied lung was reduced only by 9%. 
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F, SUMMARIZATION AND DISCUSSION 


In this experiment, it was confirmed through microscopic exami- oe 


nation and quantitative analysis of zine oxide that the settlement of in- 
haled foreign substances was very marked in the atrophied lung when com- 
sared with the normal lung and that the upper lobe contained a greater 
amount of dust deposition than the lower lobe. The reason for this is 

as follows: | 


ie In the case of pneumothorax, which equally and uniformly atro-— 
phied s lune towards the pulmonary hilus from every direction, it is 
nature! that the upper lobes contain the largest amount of dust deposi- 
tion if the animal is killed within-a limited time after the last inhala- 
tio of foreign substance, 


2. In the case of phrenicectomy, the ratio between the left and 
rivht lurgs was absolutely inverse to the experiment reported in Part II, 
i.e, the lower iobe contained a larger amount of dust deposition than 
the upper lobe cue to the effect cf phrenicectomy, Thus, it may be 
deduced that uilixe pneumotherax, phrenicectomy exerts uneven influence 
upon various regiors 91 the treated lung with the lower lobe receiving 
the met proncinced influence. Comparison of the upper lobe of the atro- 
paed lunt with that of other normal lung revealed that the former con- 
tdined a larger amount of dust deposition than the latter. Therefore, 
it may b> said that although the upper lobe of the atrophied lung remains 
more active than its lower lobe, the respiratory motion or the atrophied 
lotay lobe is somewhat impeded when compared with that of the healthy ~ 
vo.er Lobe. : 


In the case of thoracoolasty, the influence of the atrophy upon the 
settlemeat of inhaled dust particles was more similar to that of pneumo- — 
ax taan to phrenicectomy. | 


G,  CONCTUSTON 


The. conclusion arrived at in this exncriment was contrary to 
thav or tne former experiment in which a lung of the test animal was 
5 Boats prior to the inhalation of foreign substances. 


The inhaled microscopic foreign substances settled in the various 
.:%0r3 in the same ratio as in tne case of the healthy lung when pneumo- 
hor’. was performed. In the caSe of phrenicectomy, the -results were 
cc -plictel, the opposite to that reported in Part II, i.e. the settlement 
e{ the inhalcd dust particles was pronounce in the upper lobe and obscure 

1 “ho Lower lobe, The results of thoracoplasty was similar to that of 
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